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NUTRITION—PAST AND FUTURE* 


Over the years, the application of nutri- 
tion science has become very broad. Avail- 
able knowledge prior to World War I was 
used mainly for the prevention or allevia- 
tion of dietary deficiency diseases in the 
individual. Scurvy, rickets and goiter were 
countered at that level. The next step, an 
organized public health approach, was the 
planned distribution of preventive foods, 
such as butter, iodized salt and cod liver oil. 
Meanwhile, the isolation of vitamins pro- 
gressed, and just prior to World War II it 
became practical to improve common foods 
with synthetic nutrients as a means of pre- 
venting deficiency diseases in large popula- 
tions. 

Nation-wide control of specific dietary 
diseases was then feasible, and a program to 
that end was soon launched. It provided 
iodized salt, vitamin D milk, vitamin A 
fortified margarine, and enriched flour, 
bread, and corn meal. 

A major health problem today in America 
is that of obesity. Moreover, obesity and 
subclinical dietary deficiencies, probably 
occurring together in many individuals, may 
play an important role in the origin of 
various chronic diseases. Obesity has re- 
placed the vitamin deficiency diseases as 
the number one nutrition problem in the 
United States. An estimated one fourth of 
the adults in this country are obese—that 
is, sufficiently overweight to result in ap- 
preciable damage to health—and the inci- 
dence may reach 60 per cent in older women. 
The significance of this is apparent from the 
fact that mortality rates for the obese are 
well above average at every age and rise 
steadily with increasing weight. Obesity is 
associated with a high incidence of diabetes, 

* Excerpt from an address before the National 


Food and Nutrition Institute, Washington, D. C., 
December 8, 1952. 


cirrhosis of the liver, cardiovascular disease, 
hernia, gallbladder disease and certain forms 
of cancer and arthritis. It may not cause 
these conditions, but it is a dangerous and un- 
desirable concomitant. 

Today, serious world problems critically 
involve our own people—problems that 
often reflect the ratio of food supply to 
population. As the leading nation in food 
science and technology, we must develop 
our nutrition programs in full recognition of 
the food problems of other countries. 

An abundance of protein has contributed 
greatly to America’s superior nutritional 
status. In other regions—Asia, Central 
America, Africa—inadequate protein is a 
serious dietary defect. Established technics 
intensively applied can often remedy the 
local insufficiency of a vitamin: a forceful 
example is the rice-enrichment project in 
the Philippines, where deaths from beriberi 
in the experimental zone have been reduced 
90 per cent. However, the approach to a 
general protein deficiency is more complex, 
for the economic and social obstacles are 
formidable. 

The most economical dietary sources of 
energy readily available are the cereal 
grains, but optimal nutrition requires sup- 
plementation with food of animal origin. 
Some regions cannot afford to raise animals, 
the most expensive sources of nourishment 
in terms of resources utilized. When the 
total protein intake is inadequate, protein 
edema, liver cirrhosis, kwashiorkor and pos- 
sibly some anemias are common effects. 

In many areas, however, the problem 
could be alleviated by substitution of high- 
protein crops; and where this would not 
suffice, cereal-potato diets might be made 
adequate by fortification with manufactured 
nutrients. Modern production methods are 
progressively reducing the cost of nutrients 
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that are low in a cereal diet, such as lysine 
and the sulfur amino acids. By these means, 
the capacity of the world’s land to support 
its populations could be greatly augmented. 
We may hope that the unsalutary customs 
and food habits—the cultural barriers— 
would eventually be surmounted. 

In public health programs of nutrition, 
there are two primary responsibilities: first, 
the prevention and correction of malnutri- 
tion, and second, rehabilitation of indi- 
viduals and populations. The importance 
of the latter responsibility is frequently 
underestimated. So dramatic sometimes are 
the results of treatment, as in certain vita- 
min deficiencies, that the establishment of 
improved dietary habits may be neglected. 
It is now known that dietary patterns, 
though often firmly rooted in culture, under- 
go continual change and may be gradually 
modified through education, especially of 
children. 

Enough is known of the total problem of 
nutrition to indicate the proper direction 
of agricultural science and food technology. 
The primary guide must be economy of 
resources in relation to nutritive value 
produced. Agricultural scientists should 
continue to develop superior strains and 
improve the productivity of soil, and tech- 
nologists should strive to increase the avail- 
ability of desired nutritive products, as they 
have done notably of late in the frozen food 
industry. In making a balanced diet more 
readily obtainable, these workers, guided 
often by the findings of nutritionists, have 
contributed importantly to America’s health. 

With regard to national economy, one 
contribution of nutrition programs is out- 
standing. That is the reduction in the cost 
of nutritional diseases to society. In this 
country, marked declines in dietary de- 
ficiency diseases, such as pellagra and rickets, 
have saved not only the immediate costs 
of illness, but are now contributing to health- 
ful, productive adulthood and old age. 
Nutrition research and allied sciences—to 
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speak in purely economic terms—have led 
to a more productive population, and thus 
to higher purchasing power and consump- 
tion. Put in another way, nutrition has a 
continuing role in raising the standard of 
living in America. 

Nutrition research at the laboratory level 
has been largely concerned with establish- 
ing the dietary origin of diseases and isolat- 
ing the deficient nutrients. Great strides 
have also been made in working out specific 
chemical reactions involving vitamins, en- 
zymes and hormones. The latter approach, 
however, has been confined mainly to 
studies in vitro—in model environments 
and isolated biologic systems. More em- 
phasis should now be placed on the transla- 
tion of these test tube findings into knowl- 
edge of actual body processes. In other 
words, how do the essential nutrients, of 
which fifty-odd are now known, produce 
their effects in the intact organism, under 
normal and pathologic conditions? What are 
the mechanisms of nutrition? 

Concurrent with the acquisition of this 
knowledge must be the development of 
means for assessing how well these systems 
are functioning in the individual. Dietary 
inadequacy and defective utilization of 
nutrients are closely related problems. Many 
end results of metabolic dysfunction are 
recognizable clinically—for example, athero- 
sclerosis involving faulty cholesterol metabo- 
lism, diabetes in pancreatic inadequacy, 
and obesity as a result of the failure of 
appetite to regulate caloric intake. We 
know very little, however, about the actual 
cause of these conditions. Nor can we de- 
tect, at present, an approaching metabolic 
deficiency, and thus perhaps avert a met- 
abolic disease. This is a large order, but 
further progress along these lines could 
lead nutrition science, victor over the com- 
mon deficiency diseases, to a similar success 
over metabolic disorders. 

An understanding of the mechanisms of 
nutrition implies an accurate conception 
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of the complex interrelation of nutrients 
within the body. The significance of these 
relations and the importance of their study 
have only recently become apparent. A 
few examples will illustrate the nature of 
results in this field. 

The amount of protein required by the 
human adult for maintenance of nitrogen 
balance is now adequately established in 
terms of amino acid content. Of approxi- 
mately twenty-two dietary amino acids 
known, eight cannot be synthesized by the 
human body and so are termed “essential.” 
In experimental animals, all the essential 
amino acids, to be effective for tissue growth 
and maintenance, must be consumed at 
about the same time and in proper relation 
to one another. Moreover, if the protein 
part of an adequate diet is fed separately 
from the remainder, the animals may 
starve. Similar effects would presumably 
occur in man, which emphasizes the need 
for a well-balanced intake of nutrients. 

Various laboratories have reported prog- 
ress in describing the interrelation of trace 
elements in nutrition. It has been shown, 
for example, that excessive traces of molyb- 
denum in soil may create in foraging live- 
stock a high demand for copper, which is 
needed for the utilization of iron in blood 
and enzyme formation. Efforts to work out 
such interrelations at the fundamental bio- 
chemical level should be intensified. 

Research in these areas should seek a 
clearer formulation of the concept of the 
balanced diet. Time factors may be more 
important than is now realized: How often 
should the body obtain the various nutrients, 
and in what relation to one another? In 
selecting foods, when and to what extent 
is appetite reliable? Enough is known at 
present to guide health educators in stress- 
ing the importance of dietary balance. For 
the American population, we must place 
special emphasis on the hazards of excessive 
caloric consumption, which tends not only 
to produce obesity, but if the diet is high 
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in carbohydrate, to preclude the ingestion 
of other essentials. 

One of the deep mysteries concerning 
nutrition is the potentiality of the science 
and its application. We may assume that 
new health-affecting components of food 
will yet be discovered and that much will 
be learned about their function. There may 
also be health gains impossible to predict. 
In recent years, better nutrition in America, 
largely a result of efforts to control specific 
deficiency diseases, produced health benefits 
beyond the most optimistic expectations. 
Maternal and infant deaths, for example, 
have declined to unprecedented levels, a 
fact for which nutrition can take much 
credit. It is interesting to note the downward 
trends in mortality from infections, par- 
ticularly tuberculosis, that have accom- 
panied the elevation of nutrition status. 

There have also been appreciable increases 
in the growth of children. Today children 
are usually taller and heavier than their 
parents were at the same age, and thus 
get a better start toward healthy adulthood 
and long life. Records kept at Yale Uni- 
versity show that college freshmen have not 
only gained in weight and stature, but have 
also become younger than their predecessors. 
In 1893 the average Yale freshman was 
slightly older than 19, weighed 138 pounds, 
and was 68 inches tall. Last vear the aver- 
age freshman was nearly a year younger, 
weighed 18 pounds more, and was 215 
inches taller. Many of you are familiar with 
the data indicating a greater stature of 
World War II draftees as compared with 
those of World War I. 

There is ample evidence that improved 
nutrition in countries with a high standard 
of living has favorably influenced growth. 
Conversely, people in countries where diets 
are poor tend to be short and small-framed. 
The average Norwegian is about 5 inches 
taller than the average Japanese, and the 
fact that children of oriental immigrants 
to the United States are usually found to 
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be taller than their parents suggests that 
such differences may not be entirely genetic. 
Furthermore, we can no longer be sure that 
nutrition and genetics are not closely inter- 
related. 

Growth and health, of course, are affected 
by various influences, such as heredity and 
the quality of medical care as well as nutri- 
tion. Moreover, the improved American 
diet is undoubtedly a result of several factors, 
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Application of the quantitative principle 
in science has two principal aspects: (1) 
a quantitative description of the attributes 
(i.e., measurement), and (2) statistical 
evaluation of the data. The science of nutri- 
tion, with its twin-root in clinical investiga- 
tion and laboratory research, provides good 
examples of the growing use of quantitative 
methods in human biology and medicine. 
However, a fully objective evaluation of 
nutritional status (nutriture) has not been 
accomplished. A review of a recent sym- 
posium on measurement in medicine may 
be of genuine interest to the nutritionist. 

Following Sir Henry Dale’s introduction 
to the symposium (Brit. Med. Bull. 7, 261 
(1951)), E. A. Underwood (Ibid. 7, 265 
(1951)) traced briefly the history of the 
quantitative approach in medicine, con- 
sidering both aspects, 7.e., the history of 
measurement and the development of statis- 
tical methods. In the ancient texts there is 
no trace of the measurement of body charac- 
teristics or of the enumeration of cases 
showing similar symptoms. The quantitative 
and instrumental approach goes back only 
to the beginning of the seventeenth century 
when the Venetian Sartorius provided 
foundation for the scientific study of metabo- 
lism. He measured accurately the body 
weight as well as the food digested and the 
excreta passed, and obtained a measure of 
“insensible perspiration’? under different 
physiologic conditions. For the history of 
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including social and economic changes. 
Nevertheless, the gains in national health, 
vigor, stature, and longevity must be attrib- 
uted, in part at least, to food science, tech- 
nology, and education; and they recommend 
a much broader application of nutrition 
knowledge in the future. 

W. H. Sesre Director, 

National Institutes of Health 

U.S. Public Health Service 


STUDY OF NUTRITURE 


measurement in nutritional research cf. G. 
Lusk, ‘‘Nutrition,’”’ Hoeber, New York (1933). 

Methodologically, the medical nutritionist 
may gain a good deal from M. Daniels’ dis- 
cussion of clinical trial as a scientific re- 
search technic (Brit. Med. Bull. 7, 320 
(1951)). The emphasis on a clear-cut defini- 
tion of cases to be treated, on an appropriate 
and effective statistical design of the types 
of treatment, on an adequate number of 
cases, and on uniformity of examinations 
and records is salutary. Although the 
clinician’s appreciation of the changes in 
the patient’s status cannot be ignored, data 
concerning measurable facts should be 
stressed. The controlled trial is also a subject 
of an essay by A. B. Hill (Jbid. 7, 278 
(1951)). 

Of definite interest to a nutritionist are 
some aspects of the discussion by I. D. P. 
Wootton, E. J. King, and J. M. Smith 
(Brit. Med. Bull. 7, 307 (1951)), ranging 
from the checking of accuracy of the analytic 
methods to the use of biochemical (hema- 
tologic) data in connection with diagnosis. 
Diagnosis involves comparison of data ob- 
tained for a given patient with the results 
obtained in similar persons in normal health. 
The author emphasizes the surprising in- 
adequacy of information or “normal 


values.”” When available, these values are 
frequently published as a range. 

This is a highly unsatisfactory procedure 
in most cases, as the range says nothing 


1953} 


about the frequency distribution of the 
measurements. Furthermore, different ranges 
can be established depending upon the per- 
centage of cases which are included within 
the “normal range.”’ The authors favor two 
ranges, specifying the upper and lower 1 per 
cent limits (enclosing 98 per cent of the dis- 
tribution) and the 10 per cent limits (en- 
closing 80 per cent of the distribution). 
In view of the fact that many distributions 
are not “normal” in the statistical sense 
(Gaussian), the norms cannot be based on 
the means and standard deviations, but 
must be directly derived from the frequency 
distributions. Such norms are given by the 
authors for a variety of blood constituents, 
including cholesterol and total protein. 

The authors properly separate the vari- 
ability of chemical data into two com- 
ponents: (1) a technical (analytic) “error,” 
which in good methods is small, and (2) 
the biologic components (individual dif- 
ferences). They propose the use of a modi- 
fied ‘‘quality control chart,” which found 
a wide use in industry, as a continuous check 
on analytic error in routine laboratory de- 
terminations. It involves analysis of one of 
the several standard solutions with each 
batch of samples. The data are plotted and 
evaluated with reference to the difference 
between the value obtained and the actual 
known concentration of the solution. 

Less adequate attention was paid to the 
“biologic’”’ component of variability. Some 
body characteristics exhibit definite sex 
difference. Others, such as cholesterol (A. 
Keys, J. Gerontol. 7, 201 (1952)), show pro- 
nounced age trends in clinically healthy 
men. In such cases normal standards must 
be established for separate, rather narrow 
age groups. 

The problem of norms and the evaluation 
of departure from normality was considered 
by P. L. McKinlay (Brit. Med. Bull 7, 
275 (1951)). It was pointed out at the 
outset that there is no uniformly accepted 
interpretation of the term “normal,’’ with 
the loose synonyms including average, 
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modal, typical, healthy and ideal. Statisti- 
cally, standards represent group descriptions 
with reference to a particular attribute or 
a set of attributes. The choice of the group 
will depend on the concept of normality 
and the uses for which the standards are 
intended. In view of the fact that the cor- 
relations between the characteristics enter- 
ing into the general concept of nutritional 
status (e.g., body weight and hemoglobin) are 
frequently low and virtually insignificant, 
it appears that no single index of nutriture 
can be sufficient and that a battery of 
measurements is necessary to portray and 
to replace by a set of numbers the original 
qualitative assessment. 

In addition to the considerations of 
present disease or dysfunction, a compre- 
hensive evaluation of deviations from 
“normality” should take into account also 
the future health of the person, the curtail- 
ment of life-expectation, or the manner of 
dying. At present our ability to do so is 
grossly limited by the absence of needed 
data. Little is known except for the effects 
of underweight and overweight, the informa- 
tion being based almost exclusively on 
insured populations. Only long-term follow- 
up studies will provide information as to 
what kinds of pathology are likely to occur 
in individuals showing initial departures, 
of varying kind and degree, from some ac- 
cepted standards in a variety of measurable 
attributes. 

In the characterization of normality in 
the nutritional sense, the evaluation of the 
development of the body and the balance 
of its morphologic components is of basic 
importance. The contribution of anthro- 
pometry was discussed by G. M. Morant 
(Brit. Med. Bull. 7, 316 (1951)). It is some- 
what disappointing that the author has 
limited himself to the considerations of 
height and weight, but the data on other 
body measurements are scanty and question- 
able because of uncertainties regarding com- 
parability of technics of measurement. 
Morant brings out clearly the fundamental 
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fact, basic for establishment of all norms, 
that the size and form of the body are de- 
termined both by the genetic constitution 
of a particular population and by the condi- 
tions of life to which the individuals are 
subjected, among which nutrition is of 
greatest importance. 

Height and weight assess two different 
aspects of body size. Height measures the 
longitudinal growth of the skeleton while 
weight is largely determined by soft tissues. 
Weight is definitely and profoundly affected 
by the dietary intake while the effects on 
height are less marked. British norms for 
assessing physique in reference to height 
and weight are antiquated (1883) and have 
been replaced by tables based on the records 
of American life insurance companies (1912). 
New tables based on measurements of the 
Royal Air Force are in the process of publica- 
tion. The results of a 1943 survey of weight 
and height of industrial workers and house- 
wives by the Ministry of Food were pre- 
sented by W. F. F. Kemsley (Ann. Eugenics 
15, 161 (1950)). 

The technics and some of the results of 
studies on the composition of the body, a 
basic criterion of nutriture, were presented 
by R. A. MeCance and E. M. Widdowson 
(Brit. Med. Bull. 7, 297 (1951)). Many 
bodily organs but only a few (8) whole 
adult bodies have been analyzed for a 
variety of chemical constituents since J. 
Moleschott’s pioneer work published in his 
textbook on the physiology of foodstuffs 
(‘Physiologie der Nahrungsmittell,’’ Giessen 
(1859)). For studies on the body composi- 
tion of the living man, a definite preference 
was expressed for the methods based on 
the measurements of various fluid “spaces”’ 
by determining the degree of dilution of an 
injected substance (in plasma, in extra- 


REQUIREMENTS FOR NIACIN 


The determination of man’s requirement 
for niacin has been complicated by a lack 
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cellular fluids, and in total volume of water 
in the body). Contrary to actual research 
experience, the specific gravity technic for 
estimation of body fat is considered of only 
historical interest. A good deal of new in- 
formation obtained by the direct chemical 
and in vivo analysis is presented in 17 graphs. 
For total body fat in full-term human babies 
the value of 16 per cent is given, which is 
higher than in pigs, cats, rats, or mice born 
at full term. For the water content of the 
newborn and the adult, the values are 82 
and 73 per cent. Repeatedly, the point is 
made that fat is the great variable in the 
body, with values of 6 to 7 per cent in thin 
people, 15 to 20 per cent in adults of standard 
weight, and up to 60 per cent in obese 
individuals. It should be noted that any 
data on “adults” of standard weight are a 
gross simplification, as they disregard the 
changes in the fat content, at “standard 
weights,” during the period of maturity 
(J. Brozek and A. Keys, J. Gerontol. 7, 
475 (1952)). For men 176 cm. tall, the 
standard weights at ages 20 and 55 are 
67.6 and 76.8 kg., while the “standard” 
fat content, estimated from specific gravity, 
is 7.0 and 19.2 kg., respectively. 

The development of methods for the 
quantitative analysis of body composition 
may serve as an example of the rapid exten- 
sion of measurement in medicine and in the 
science of nutrition. MeCance and Widdow- 
son (loc. cit.) are not unaware of the fact 
that accurate answers to many problems in 
this area have not yet been obtained. But 
some answers are sufficiently exact to 
satisfy practical needs. Further search for 
quantitative information will help to fill 
the gaps and provide means for cross- 
evaluation of the different methods of 
measurements. 


AND TRYPTOPHAN IN MAN 


of accurate knowledge of the metabolism 
of this vitamin. Recently, a series of in- 
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vestigations has furnished better knowledge 
of niacin metabolism and of the end prod- 
ucts excreted in the urine (Nutrition Re- 
views 9, 61 (1951)). The importance of 
protein in the prevention and treatment of 
pellagra has been emphasized repeatedly, 
but an explanation was lacking until the 
in vivo conversion of tryptophan to niacin 
was demonstrated (Nutrition Reviews 8, 
85 (1950)). This better knowledge of niacin 
metabolism should aid greatly in establish- 
ing niacin requirements for man, but the 
problem is complicated by the necessity for 
considering the tryptophan content of foods 
as well. An attempt has been made by G. A. 
Goldsmith, H. P. Sarett, U. D. Register, 
and J. Gibbens (J. Clin. Invest. 31, 533 
(1952)) to establish the niacin requirement 
for man. 

Seven women, 25 to 54 years of age, suf- 
fering from some type of psychoneurosis, 
were maintained in a metabolism ward with 
diets furnishing small known quantities of 
niacin and tryptophan. Complete two-day 
diets were analyzed from time to time, micro- 
biologically with Lactobacillus arabinosus for 
niacin, and chemically for tryptophan. he 
diets were constructed to furnish approx- 
imately the amount of niacin previously 
reported in pellagragenic diets and sufficient 
tryptophan to meet the minimum require- 
ment indicated by Rose for maintenance 
of nitrogen equilibrium. In one of the two 
diets corn was the staple cereal and in the 
other wheat flour and farina were used in- 
stead of corn. Analysis of one of the corn 
diets showed that it furnished between 4.3 
and 4.7 mg. of niacin, 178 to 194 mg. of 
tryptophan, and 6.9 to 7.1 g. of nitrogen per 
day. The wheat diet supplied 5.7 mg. of 
niacin, 230 mg. of tryptophan and 7.0 g. of 
nitrogen daily. To avoid deficiencies in the 
other vitamins thiamine, riboflavin, panto- 
thenic acid and pyridoxine were added to 
the diet which in itself provided approxi- 
mately 120 mg. of ascorbic acid daily. 
Folacin and vitamin By. were given as a 
supplement to 2 subjects. One was also given 
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0.7 mg. of niacinamide with each meal (2.1 
mg. daily in addition to the diet). 

Since the wheat diet contained slightly 
more niacin and tryptophan than that with 
corn as the chief cereal, long-term studies 
were carried out with the corn diet alone. 
Three subjects continued with this diet for 
81, 117, and 135 days and developed signs of 
niacin deficiency between the fiftieth and 
sixtieth days. Since the authors had con- 
siderable clinical experience with pellagra 
in its various forms, it was possible for them 
to note the earliest symptoms, which con- 
sisted in one patient of heartburn, weak- 
ness, and atrophy of tongue papillae, in 
another of transient cheilosis, and in a third 
of perirectal dermatitis. Typical dermatitis, 
vulval, perirectal, over the finger joints and 
elbows, and between the thumb and first 
finger appeared in all 3 patients. Mouth 
lesions, including cheilosis, angular stoma- 
titis and painful glossitis were found in 
varying degrees. Diarrhea was severe in 
2 patients. Mental depression and hot flashes 
were also noticed. Two patients showed 
white elevated patches surrounded by 
erythema under the tongue. These gradually 
increased in size until treatment was given. 
No neurologic changes were found. 

Treatment with niacinamide cleared the 
diarrhea within one day, while the mucous 
membrane lesions required a week, and the 
glossal papillae returned to normal only 
after a month. Dermatitis began to improve 
within forty-eight hours and the skin was 
practically normal at the end of a month. 
Nitrogen equilibrium with a slight positive 
balance was observed in all 3 patients 
while on the low niacin-tryptophan diet. 
The urinary excretion of niacin, quinolinic 
acid and tryptophan changed very little 
throughout the depletion period, while the 
urinary excretion of N'-methylnicotinamide 
progressively decreased. 

The subject given the corn diet with 2 
mg. of additional niacinamide daily de- 
veloped no classic signs of pellagra in 122 
days, although there were some subjective 
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symptoms which were difficult to evaluate 
and probably were not significant. The 
urinary excretion of N!-methylnicotinamide 
fell in this patient, but not to values as low 
as those observed in the unsupplemented 
patients. It is interesting to note that in 
one subject histamine-fast achlorhydria was 
observed after two months of the corn diet, 
but free acid returned following therapy with 
niacinamide. In only one patient was there 
a mild anemia present which did not respond 
to the administration of niacinamide, but 
did to folacin, which had not previously 
been included in the diet of this patient. 
Many of the lesions observed in these 
patients, for example, cheilosis, angular 
stomatitis, and nasolabial seborrhea, have 
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been produced by riboflavin deficiency and 
also by the administration of a pyridoxine 
antimetabolite (desoxypyridoxine). In these 
subjects there was no possibility of pyri- 
doxine or riboflavin deficiency and all of 
the lesions responded suitably to supplemen- 
tation of the diet with niacinamide. 

The authors conclude that with the corn 
diet supplying about 190 mg. of tryptophan 
per day, a quantity between 4 and 5 mg. 
of niacin was insufficient to prevent pellagra, 
while over approximately the same period 
of time the patient who received approxi- 
mately 7 mg. of niacin had no evidence of 
typical pellagra. They suggest then that the 
minimal niacin requirement in these circum- 
stances is approximately 7 mg. per day. 


DIETARY TREATMENT OF ESSENTIAL FAMILIAL XANTHOMATOSIS 


Essential familial xanthomatosis is a 
hereditary disorder characterized in_ its 
homozygous form by the formation of 
xanthomatous tumors of the skin, tendons, 
and occasionally internal organs, and which 
apparently predisposes to atherosclerotic 
disease of the heart and great vessels. Its 
onset is early in life and most children and 
adolescents dying of coronary occlusion 
have been found to carry this genetic trait. 
Hypercholesteremia without hyperlipemia is 
a characteristic of this condition. F. Urbach, 
E. A. Hildreth, and M. T. Wackerman 
(J. Clin. Nutrition 1, 52 (1952)) have in- 
vestigated the effects of a low fat, low 
cholesterol diet upon the hypercholesteremia, 
skin xanthomas and cardiac function in 9 
patients with this hereditary disorder. Six 
patients had cutaneous lesions but no tendon 
lesions, 3 having moderate angina pectoris 
and 2 occlusive peripheral vascular disease. 
Three patients had tendon lesions as well, 
and dated the onset to childhood or early 
adolescence, one of them having severe 
angina and advanced myocardial damage. 

The experimental diet contained approx- 
imately 20 g. of total fat and 100 mg. of 


cholesterol per day. Determination of the 
serum cholesterol, total lipids, phospho- 
lipids, electrocardiograms, cardiac fluoros- 
copy and ballistocardiograms were made 
at intervals during eight months to seven 
years on the diet. A significant fall in serum 
cholesterol was observed in all of the patients 
after two to four months. A proportionate 
fall in total lipids and phospholipids oc- 
curred. Near normal levels were reached in 
the 6 patients who had no tendon lesions, 
and significant to complete involution of the 
skin lesions occurred after three or four 
months in this group. The 3 patients with 
tendon lesions continued to have high serum 
cholesterol values and no regression of the 
xanthomas occurred. 

Among the 4 patients with angina pectoris 
at least temporary improvement occurred. 
Significant changes in the ballistocardio- 
gram occurred in 2. In another a rise in 
serum cholesterol from normal levels at- 
tained after three months on the diet pre- 
ceded a coronary occlusion by about six 
months. The 2 patients having occlusive 
peripheral vascular disease showed re- 
markable improvement as manifested by 
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considerable lessening of intermittent claudi- 
cation and the reappearance of some of the 
previously nonpalpable leg pulses. 

The mechanism by which the low fat, low 
cholesterol diet induced such a rapid fall 
in serum cholesterol is not clear. There was 
no restriction in total calories and weight 
losses were small. Synthesis of cholesterol 
was probably unaffected by the regimen 
(Nutrition Reviews 10, 345 (1952)). Conse- 
quently Urbach and co-workers have postu- 
lated that the reabsorption of the biliary 
cholesterol is reduced in the absence of fat 
from the intestine. Such a hypothesis would 
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explain the necessity for the restriction of 
all types of fat from diets designed to reduce 
serum cholesterol. As yet this point of view 
lacks general confirmation. 

Essential familial xanthomatosis cannot 
be considered similar in its physiology to 
other atherosclerotic diseases in man. The 
nature of the basic hereditary defect is not 
known. Consequently the transposition of 
these observations on the metabolism of 
cholesterol in this disease to either experi- 
mental atherosclerosis or degenerative ar- 
terial disease in man is at present un- 
warranted. 


EXTENT OF IRON STORAGE IN MAN 


The extent and lability of storage iron 
in man has been the subject of experiment 
and discussion. It was concluded some years 
ago that iron stores in rats are not homo- 
geneous in their behavior, but consist of 
various tissue iron compounds with a range 
of turnover rates (Nutrition Reviews 5, 85 
(1947)). Hemoglobin contains a little over 
half of the total body iron. Another small 
but important amount is found in the serum. 
The remainder occurs in muscle myoglobin, 
in storage depots, or in combined forms in 
certain enzymes (Ibid. 7, 231 (1949)). How- 
ever, the “labile iron” released from erythro- 
cyte hemoglobin when the red cells are 
destroyed is thought not to enter into ex- 
change with all of the other iron compounds 
of the body and therefore this pool of highly 
labile iron is much smaller than the storage 
iron (Ibid. 8, 76 (1950)). Presumably storage 
iron (ferritin) is available for hemoglobin 
synthesis when needed (Ibid. 9, 293 (1951)). 

D. Haskins, A. R. Stevens, 8. Finch, and 
C. A. Finch (J. Clin. Invest. 31, 543 (1952)) 
have established a measure of the iron stores 
by means of repeated venesection. 

Two normal individuals not previously 
depleted of iron were venesected (500 ml. 
weekly) for seven weeks at which time their 
hematocrits had fallen to 33 per cent. Ap- 


proximately 1700 mg. of iron were thus re- 
moved, necessitating the mobilization from 
the iron stores of about 900 mg. Two indi- 
viduals previously depleted of iron (repeated 
previous donations) had much more rapid 
falls in hematocrit, which was taken as 
evidence that iron stores were relatively 
small. To substantiate this theory these 
individuals were given iron and had an ex- 
cellent hematopoietic response. Two sub- 
jects who were given iron by mouth during 
the period of phlebotomies, 2 patients with 
increased iron reserves (relatives of patients 
with hemochromatosis), and finally 2 pa- 
tients with hemochromatosis all had evi- 
dence of increased quantities of storage 
iron as indicated by transfer of storage iron 
to hemoglobin iron during the seven weeks 
of phlebotomy. Increased iron stores were 
not obtained when iron was given by mouth 
prior to the period of phlebotomy even in 
large doses and for many months. 

Although the anemia following phle- 
botomy disappeared rapidly when iron was 
administered by mouth, neither a normal 
diet (in one individual) nor six months of 
iron ingestion (200 g. of ferrous sulfate) 
resulted in significant accumulation of iron 
stores as evidenced by subsequent measure- 
ment with repeated phlebotomies. 
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The authors conclude from these interest- 
ing studies that the normal adult male has 
iron stores of between 1200 and 1500 mg., 
that prolonged iron feeding has little effect 
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upon these stores, and that once they are 
depleted they are only slowly rebuilt, 
whether the iron is supplied as food iron, 
or as ferrous sulfate by mouth. 


BETAINE AND GLYCOCYAMINE IN POLIOMYELITIS 


Feeding of the creatine precursors betaine, 
and glycocyamine, has been reported by 
M. E. Borsook and H. Borsook (Ann. 
Western Med. Surg. 5, 830 (1951); 6, 423 
(1952)) to have beneficial effects in cases 
of cardiac disease and in muscles disabled 
by poliomyelitis. This treatment is based on 
the biochemical principle that phospho- 
creatine is the main reservoir of immediately 
available energy in muscle and nerve. Feed- 
ing of massive doses of creatine is un- 
physiologic; therefore, its immediate pre- 
cursors, guanidoacetic acid (glycocyamine) 
and trimethyl-glycocoll anhydride (betaine), 
were fed by these workers. However, this 
procedure is probably as unphysiologic as 
feeding creatine in large doses. They re- 
ported beneficial effects consisting of early 
improvement in the sense of well-being, 
lessening of fatigue, and greater strength 
and endurance. In addition, poliomyelitis 
patients with partially disabled muscles 
demonstrated significant increases in muscle 
power. 

Further studies of betaine-glycocyamine 
feeding were done by B. D. Fallis and R. L. 
Lam (J. Am. Med. Assn. 160, 851 (1952)). 
A variety of conditions with impaired neuro- 
muscular functioning were investigated, 
namely, progressive muscular dystrophy, 
myasthenia gravis, myotonia congenita, 
multiple sclerosis, amyotrophic lateral sclero- 
sis, and Parkinsonism. Preliminary studies 
of poliomyelitis patients with partial dis- 
ability, residuals of poliomyelitis, reported 
enough benefits to warrant a more com- 
prehensive study. 

Accordingly, Fallis and Lam studied a 
series of 57 patients with findings restricted 
to partial disability of muscle power, re- 


siduals of poliomyelitis. Under intensive 
physiotherapy by approved methods all 
had reached a plateau. These subjects were 
approximately equally divided between 
males and females aged 2 to 46 years. The 
investigators relied exclusively on thorough 
manipulative testings for muscle strength 
in judging progress. Criteria for determining 
muscle functions in patients were presented. 

Thirty-five patients received 150 mg. 
betaine (trimethyl-glycocoll anhydride) and 
30 to 40 mg. of glycocyamine (guanidoacetic 
acid) per pound of body weight during the 
therapy period. Twenty-two patients re- 
ceived placebos containing starch and sugar 
in place of the glycocyamine and potassium 
citrate, sugar and calcium chloride in place 
of the betaine. The placebo or control group 
was studied for an average of 6.6 weeks and 
the test or betaine-glycocyamine group for 
an average of 8.1 weeks. Several patients of 
both groups voluntarily discontinued the 
trial because they felt no benefits. 

Of the 30 patients receiving betaine- 
glycocyamine, 57 per cent reported or were 
observed by relatives to show increased 
sense of well-being, decreased fatigability, 
and notable increase in muscle strength. 
On examination by the manipulative method 
this amounted to not more than 15 per cent 
improvement in any case. Of the 20 patients 
in the control group 55 per cent gave similar 
impressions of improvement. The reactions 
of patients to the placebos were as enthusi- 
astic on the average as those of the test 
group. Again manipulative testing revealed 
minor increase in muscle strength to 15 per 
cent, which correlated with the subjective 
improvement. 

The one statistically significant difference 
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between groups was in the occurrence of 
frequency of urination. On betaine-glycocy- 
amine therapy 73 per cent of the subjects 
showed a temporary increase in the fre- 
quency of urination as compared with 10 
per cent of the controls. The authors at- 
tribute this to the excess of synthesized 
creatine excreted. No toxic or side effects 
other than increased urinary frequency have 
developed in about 100 patients given 
betaine-glycocyamine daily for periods vary- 
ing from several months to more than one 
year. 

Glycocyamine should never be used with- 
out betaine since it has produced geni- 
tourinary blockage in experimental animals 
excreting it in part unchanged. The con- 
comitant use of betaine in the recommended 
ratio of 5 to 1 prevents precipitation of 
glycocyamine in the kidney. 


These findings are at variance with those 
reported by the Borsooks. The proportion of 
patients who claimed improvement and in 
whom manipulative testing showed minor in- 
crease in strength over the pretreatment 
status was approximately the same for the 
group receiving betaine-glycocyamine, and 
the control group receiving placebos, in the 
present study. 

The evidence indicated that  betaine- 
glycocyamine when given orally is synthe- 
sized into creatine. The important question 
is the extent to which this synthesized 
creatine enters the muscle and is retained 
as phosphocreatine in comparison to such 
action of ingested creatine. From this in- 
vestigation no conclusions can be drawn 
concerning the problem whether betaine- 
glycocyamine feeding is less effective than 
creatine feeding. No significant beneficial 
effect has been demonstrated in this study. 


ENHANCED REQUIREMENT FOR VITAMIN B, IN PREGNANCY 


Evidence has been presented indicating 
that there may be abnormalities in the 
metabolism of tryptophan in pregnancy 
and that these are most marked in patients 
with pre-eclampsia and eclampsia. Ac- 
cordingly, it was found that there was an 
increase in the xanthurenic acid excreted 
in the morning urine of patients with toxe- 
mias of pregnancy following ingestion of 
a test dose of tryptophan (H. Sprince, R. 8S. 
Lowy, C. E. Folsome, and J. S. Behrman, 
Am. J. Obstet. Gynec. 62, 84 (1951)). Since 
xanthurenic acid has been demonstrated 
to appear in significant quantities in urine 
after ingestion of tryptophan by human 
subjects in whom vitamin Bg deficiency had 
been induced, it is reasonable to inquire 
whether pregnancy and the toxemias as- 
sociated with it are accompanied by dis- 
turbed metabolism of vitamin Bg or increased 
requirement for this vitamin (L. D. Green- 
berg, D. F. Bohr, H. McGrath, and J. F. 


Rinehart, Arch. Biochem. 21, 237 (1949); 
H. 8. Glazer et al., Ibid. 33, 243 (1951)). 

Additional information is afforded in the 
recently published observations of M. 
Wachstein and A. Gudaitis (J. Lab. Clin. 
Med. 40, 550 (1952)). These investigators 
determined the urinary excretion of xan- 
thurenic acid in various phases of pregnancy 
and the effects of administered pyridoxine 
hydrochloride upon the excretion of this 
abnormal metabolite of tryptophan. 

Urine specimens were collected through 
a period of twenty-four hours prior to the 
administration of 10 g. of p,L-tryptophan 
and again in the twenty-four-hour period 
immediately following ingestion of the amino 
acid in each subject. The total quantity of 
xanthurenic acid excreted was determined 
by colorimetric analysis. It was found that 
the urine samples obtained before adminis- 
tration of the test dose of tryptophan con- 
tained no xanthurenic acid. A group of 10 
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normal adult subjects excreted an average 
of 17 mg. of xanthurenic acid following 
ingestion of 10 g. of D,.L-tryptophan. Of 
22 patients suffering from a variety of 
diseases the quantity of xanthurenic acid 
excreted varied from 0 to 74 mg., with 
greatest amounts appearing in the urine 
of patients with evidences of malnutrition. 

Fourteen women who had experienced 
uncomplicated periods of pregnancy and 
had delivered normal full term infants were 
studied one to two days after delivery. 
Each of these subjects had been on diets 
which contained apparently adequate quan- 
tities of essential nutrients. The average 
excretion of xanthurenic acid in this group 
was 191 mg. with a range of from 62 to 324 
mg. Nearly all of these values greatly ex- 
ceeded those determined in normal subjects 
and in patients with a variety of diseases 
after the same quantity of tryptophan had 
been ingested. 

The response to the test dose of trypto- 
phan was investigated in other women in 
various stages of pregnancy. These observa- 
tions indicated that the abnormality in 
tryptophan metabolism first becomes mani- 
fest in the twelfth to fourteenth week of 
pregnancy. No group of patients was fol- 
lowed throughout the course of pregnancy 
with repeated determinations of xanthurenic 
acid excretion. This type of observation 
might have added significant and important 
additional information. 

Another group of 10 women who had ex- 
perienced one or another of the manifesta- 
tions of toxemia of pregnancy were also 
studied in the immediate post partum 
period. Highest rates of excretion of xan- 
thurenic acid were found in this group. 
From 94 to 666 mg. of the excretory product 
were found in the urine of these patients, 
with a mean quantity of 314 mg. in the 
twenty-four-hour period immediately after 
the loading dose of tryptophan. There was 
no proportionality between the severity of 
symptoms of toxemia and the amount of 
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xanthurenic acid excreted. Some of the 
patients had been on low sodium diets, 
but the authors were of the opinion that this 
type of diet allows for normal nutrition as 
it relates to vitamin Beg. 

In an effort to ascertain whether or not 
vitamin Bs was involved in the abnormal 
metabolism of tryptophan found in pregnant 
subjects, xanthurenic acid excretion was 
determined following the test dose of trypto- 
phan both before and after provision of 
supplements of pyridoxine hydrochloride 
for periods of from three to ten days. In 
each instance there was marked reduction 
in the quantity of the metabolite in the 
urine. One woman excreted 550 mg. of 
xanthurenic acid before administration of 
pyridoxine, 40 mg. following 75 mg. of 
pyridoxine given over a period of three days, 
and only 10 mg. after a further period of 
three days of pyridoxine supplementation. 
Rates of xanthurenic acid excretion increased 
to prior levels following discontinuance of 
vitamin B, therapy. 

The results of these experiments provide 
important evidence of an abnormality in 
the metabolism of vitamin Bs in pregnancy 
with increased requirement for this vitamin. 
The mechanisms involved have not been 
elucidated. It is of interest, however, to 
recall that W. W. Cravens and E. E. Snell 
(Proc. Soc. Exp. Biol. Med. 71, 73 (1949)) 
showed that the vitamin Bs, complex is es- 
sential for the development of the chick 
embryo. It may be that the requirements 
of the fetus for this vitamin are in excess 
of the usual dietary intake of the mother, 
leading to depletion of body stores in the 
later phases of pregnancy. Certainly the 
findings described here must be considered 
as of potentially great significance. It is 
to be hoped that other investigations will 
be undertaken which will attempt to describe 
the mechanisms involved in producing 
metabolic evidence of vitamin Bs deficiency 
in pregnancy. 

It should be pointed out that the symp- 
toms and signs of pyridoxine deficiency as 
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observed in human subjects (J. F. Mueller 
and R. W. Vilter, J. Clin. Invest. 29, 193 
(1950); Nutrition Reviews 10, 323 (1952)) 
are not commonly observed in pregnant 
women. Included are seborrheic dermatitis, 
epileptiform convulsions and hypochromic 
anemia. Only the last of these is seen with 
any frequency among large groups of preg- 
nant women. 

The possible significance of greater ab- 
normalities in tryptophan metabolism and 


presumably of vitamin Bg utilization in 
women with the toxemias of pregnancy can- 
not be fully assessed at this time. It should 
be pointed out, however, that the nausea 
and vomiting frequently associated with 
toxemia might cause further depletion of 
tissue stores previously reduced by the 
enhanced requirements of pregnancy. The 
observations described are certainly of 
sufficient interest to warrant further inves- 
tigations in carefully controlled studies. 


PHOTOSYNTHETIC POSSIBILITIES FOR OIL AND PROTEIN PRODUCTION 


The adaptation of Chlorella culture to 
practical production of animal or human 
food is being intensively studied in several 
places. Certain aspects of this problem have 
been outlined (Nutrition Reviews 9, 347 
(1951)), but now more detailed information 
is available on the nutritive values of such 
algal cultures. An excellent discussion em- 
phasizing characteristics of oil and protein 
for Chlorella grown under controlled en- 
vironmental conditions was presented by 
H. W. Milner to the American Oil Chemists 
Society (J. Am. Oil Chem. Soc. 28, 363 
(1951)). 

Milner found that the yield of Chlorella 
cells was maximum when the carbon dioxide 
content of the gas was 5 per cent. This factor, 
as well as temperature and illumination in- 
tensity, affected mainly the yield of Chlorella 
rather than its composition. The concentra- 
tion of fixed nitrogen in the medium was 
very important in determining the lipid 
contents of the cultures. No culture reached 
a lipid content higher than 35 per cent when 
the residual fixed nitrogen (that remaining 
in the medium after cell harvest) was greater 
than 0.001 M. Given sufficient time and 
light intensity after this value decreased to 
0.001 M., the lipid content increased greatly 
(up to 86 per cent of the dry weight). Lipid 
contents could be varied at will by changing 
the conditions of growth. 

Analysis showed thefatty acids were almost 


all of the Cys and Cys series with 85 per 
cent unsaturated acids. The main saturated 
acid was palmitic, with stearic constituting 
less than 4 per cent of the total fatty acids. 
Cis unsaturated acids constituted 54 to 67 
per cent of the total and Cy, acids 18 to 29 
per cent. Unsaturation ranged from 1.6 to 
2.25 double bonds per molecule. This indi- 
cates the presence of triply unsaturated 
acids, some of which were of the Ci, series. 
As the lipid content increased from 23 to 
75 per cent, the iodine number of the total 
fatty acids decreased from 163 to 125. 
Chlorella fat is similar in general to other 
highly unsaturated plant fats and should be 
suitable for food. It might be classed as a 
drying oil. 

Amino acid analyses of Chlorella protein 
showed the presence of all amino acids which 
are essential for human nutrition. These 
total about 42 per cent of the protein. 
Chlorella is also among the richest plant 
sources of several vitamins. In contrast to 
this, A. E. Williams and R. H. Burris (Am. 
J. Bot. 39, 340 (1952)) found nutritional 
insufficiency in the amino acids obtained 
from 10 different blue-green algae. They 
studied the hydrolysates from cells by 
chromatographic methods. Three of their 
species fixed nitrogen and 7 did not. Methio- 
nine was notably low among amino acids 
necessary for human nutrition. 

Milner has estimated some yields of 
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Chlorella that seem reasonable of attain- 
ment. By extrapolation from laboratory 
culture of several liters, he would conserva- 
tively expect 40 tons of dry high-protein 
Chlorella per acre per year. This would con- 
tain 20 tons of protein and 3 tons of fat. 
The fat figure might be doubled if desired. 
These figures are very high compared to 
yields of ordinary field crops and, of course, 
the costs would also be much greater. It is 
likely that a mass production of Chlorella 
would also provide by-products of consider- 
able value. 

Before mass production is feasible, certain 
conditions appear to be imposed by the 
biologic factors upon the system used. To 
provide 5 per cent carbon dioxide, to prevent 
excessive loss of water, and to provide steril- 
ity from other organisms, a closed system 
seems necessary. Turbulence of the cells 
appears desirable to provide equal access to 
nutrients and alternating irradiation and 
darkness, a condition that is conducive to 
higher yields than continuous irradiation 
of high intensity. Present data indicate an 
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optimum cell density of 0.5 g. dry weight per 
liter of culture. 

An important engineering factor is the 
chemical plant necessary to harvest the 
Chlorella, prepare the new medium in quanti- 
ties of thousands of tons (nutrient salts 0.5 
to 1.0 per cent), replenishment of used 
mediums, and sterilization of all mediums. 
Carbon dioxide and fixed nitrogen must be 
available in large quantities and at low 
cost. Re-use of the medium requires more 
than simple replenishment of utilized salts— 
chlorellin must be removed because it pre- 
vents cell division and eventually stops 
growth. Chlorella probably would have to 
be dried at the site of harvest because it 
is about 75 per cent water. Rapid spoilage 
would otherwise occur. 

Probably the high capital investment 
required and labor costs would make such 
production uneconomical in this country; 
however, it might be feasible in some parts 
of the world where cheap labor is abundant 
and famine more threatening. Further work 
and study will clarify these and other re- 
lated problems. 


SHORT CUTS IN DIGESTIBILITY STUDIES WITH RUMINANTS 


The conventional procedure for determin- 
ing digestibility of feeds for livestock is 
time-consuming and laborious. The pro- 
cedure requires that accurate records of 
food intake and fecal output be kept, usually 
for periods of seven to ten days. The differ- 
ence in content of fecal matter and feed 
with respect to protein, fat, crude fiber, 
nitrogen-free extract, and total dry matter 
affords the means for determining the per- 
centage digestibility (digestion coefficients) 
of these constituents. 

Several recent studies have dealt with the 
use of tracers or indicators added to feeds, 
or the use of naturally occurring inert con- 
stituents in feeds as a means of substantially 
reducing the labor connected with digestion 
trial studies. The workers in this field are 


in general agreement with the concept that 
any reliable indicator must be totally in- 
digestible, totally unabsorbable, and pass 
through the digestive tract at a uniform 
rate. With the use of a reliable indicator, 
digestibility data can be obtained without 
the need of measuring either total feed 
intake or total fecal output, provided the 
concentration of indicator in the feed and 
feces can be accurately determined. The 
following equation is used to calculate the 
percentage digestibility of a given nutrient: 


Digestibility = 


(per cent indicator in feed 
(per cent indicator in feces 


100 — 100 


per cent nutrient in feces) 
per cent nutrient in feed) ° 
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An ideal indicator is generally believed 
to be one that occurs naturally in feeds. 
Methods involving the use of indicator addi- 
tions to feeds are subject to the criticism 
that the introduction of a foreign material 
into the feed might have extraneous in- 
fluences on digestion and absorption. 

An important contribution to this field 
was the study by E. A. Kane, W. C. Jacob- 
son, and L. A. Moore (J. Nutrition 41, 583 
(1950)). These workers made a critical 
study of the reliability of three different 
methods of obtaining digestibility data, 
namely, the conventional total collection 
method, the method using lignin (indiges- 
tible constituent of feeds) as an indicator, 
and the method using chromic oxide added 
to the feed as an indicator. The results 
revealed that both of these indicators served 
as reliable measures of digestibility. In this 
study the indicators were analyzed on suit- 
able samples drawn from the total feed con- 
sumed and the total feces voided and there- 
fore did not indicate to what extent these 
indicator methods would be reliable if 
“grab” samples of feed or voidings were 
analyzed, the procedure obviously needed 
in order to avoid the cumbersome task of 
maintaining complete collections. 

In a subsequent study, E. A. Kane, W. C. 
Jacobson, and L. A. Moore investigated 
the error of the lignin and chromic oxide 
methods inherent in the sampling of void- 
ings (J. Nutrition 47, 263 (1952)). The 
results of this study indicate that neither 
lignin nor chromic oxide passes through the 
digestive tract at a uniform rate. For ex- 
ample, the chromic oxide content of the 
feces rose to a high point at 9 a.m. and de- 
creased to a low point at 9 p.m. The results 
with lignin were the reverse, with maximum 
values occurring in the feces voided at 8 
p.m. and minimum values at 8 a.m. On 
the basis of these observations, it was ap- 
parent that “grab” sampling of feces for 
analysis could lead to serious error. It was 
suggested that reliable data could be ob- 
tained with the chromic oxide method if 
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samples were collected at the time of day 
when excretion of the indicator was at or 
near the average for the twenty-four-hour 
period (1 to 3 p.m.). 

The use of the lignin method as a naturally 
occurring indicator for indirectly measuring 
digestibility has frequently been criticized 
because of the difficulties inherent in the 
method for determining lignin and _ its 
questioned reliability. It is nevertheless 
considered the best chemical technic for in- 
directly determining the digestibility of 
forages by grazing animals (R. M. Forbes, 
J. Animal Sci. 9, 231 (1950)). 

The real need for developing simplified 
digestibility technics is in connection with 
evaluating nutritive value of pastures by 
grazing animals. Digestibility data on 
pastures have lagged far behind similar 
data on other kinds of animal feeds, mainly 
because of a lack of reliable methods for 
conducting such studies on grazing animals 
where fecal output and feed intakes cannot 
be determined conveniently. Determining 
digestibilities of pastures by feeding clipped 
samples of the forage to animals, as is done 
in conventional digestion trials, is subject to 
the criticism that the animal grazes selec- 
tively and the clipped sample is thus not 
representative of actual consumption on 
pasture. 

A new method has been proposed as a 
means of circumventing the difficulties intro- 
duced by selective grazing and by manual 
sampling of pastures. This method was in- 
troduced by J. T. Reid and co-workers 
(J. Dairy Sci. 33, 60 (1950)). These workers 
reported that a quantitative relationship 
existed between the chromogen content of 
the consumed forage and the feces voided. 
The chromogen is apparently widely dis- 
tributed in forage plants commonly used in 
animal feeds. The chromogen has not yet 
been identified. It is soluble in acetone and 
its concentration in forage and feces is de- 
termined spectrophotometrically at the wave 
length of 406 millimicrons. Light absorption 
by a reference solution of sodium chromate 
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(5.05 milligrams per cent) was arbitrarily 
termed equivalent to 10 units of the chromo- 
gen. 

Recently, these same workers have in- 
vestigated the relationship between the 
chromogen content of feces and that of con- 
sumed forages and have also ascertained 
the accuracy with which the chromogen 
content of forages can be predicted from the 
chromogen content of the feces (J. T. Reid 
et al., J. Nutrition 46, 255 (1952)). Their 
results suggested that the chromogen con- 
tent of the forage could be predicted from 
the knowledge of the fecal chromogen level 
and the manual sampling of pastures could 
thus be avoided. These workers are of the 
opinion that this method, combined with 
another indicator such as chromic oxide as 
a means of measuring fecal output over a 
given period of time, should make it pos- 
sible to measure the nutritive value of con- 
sumed forages under grazing conditions 
without the need for complete fecal collec- 
tions. In other words, the objective, namely 
that of securing accurate data of the nutri- 
tive value of pastures, would be derived from 
analyses of “‘grab’’ samples of feces for 
chromogen and chromic oxide. The number 
of samplings necessary per twenty-four-hour 
period still needs to be determined. 

Another procedure has been proposed by 
R. J. Lancaster for measuring forage intake 
by grazing animals (Nature 163, 330 (1949)). 
This method is based on the assumption 
that a constant relationship exists between 
fecal nitrogen and dry matter intake. This 
method has certain limitations since it is 
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not applicable over a wide range of protein 
concentration in the forages. 

Still another indicator has been proposed 
by J. E. Corbin and R. M. Forbes (J. Animal 
Sci. 10, 574 (1951)). They noted that 
anthraquinone violet, when fed to lambs, 
could be quantitatively recovered from the 
feces and thus serve as an indirect method of 
determining digestibility. This substance, 
however, appears to be subject to the same 
limitation as chromic oxide since it was 
noted that noon collections of feces contained 
greater concentrations of the dye than 
either morning or evening collections. 

These recent studies seem to indicate that 
reference materials which are contained 
in the forages perhaps offer the most reliable 
means of indirectly estimating the nutritive 
value of forages by grazing animals. Al- 
though the chromogen method at present 
seems to offer most promise, it was found 
to be unsuited for determining digestibility 
of winter range forage (C. W. Cook and 
L. E. Harris, J. Animal Sci. 10, 565 (1951)). 

The ultimate objective of this type of 
investigation is to arrive at methods of 
measuring the rate of dry matter consump- 
tion and the efficiency of its utilization by 
grazing animals, a condition under which it 
is impossible to measure total feed intake 
directly and difficult to effect quantitative 
collection of feces. A solution to this problem 
has important implications since it is well 
recognized that the most economical live- 
stock program is that which utilizes a maxi- 
mum of grazing as a feed source (Nutrition 
Reviews 10, 339 (1952)). 


NUTRITION STUDIES WITH THE CHINCHILLA 


The nutritional requirements of the 
chinchilla (Chinchilla breviccaudata or Chin- 
chilla laniger) have not been reported in the 
literature. Investigations with this fur- 
bearing rodent have been restricted largely 
because of the cost of the animals (approx- 
imately $1,000 per breeding pair) and the 


necessity on the part of commercial breeders 
to keep their animals for breeding stock. 
Recently, K. W. King and F. S. Orcutt 
have studied the thiamine and ascorbic acid 
requirements of the chinchilla (J. Nutrition 
48, 31 (1952)). The basal diet employed by 
King and Orcutt had the following per- 
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centage composition: sucrose, 48; casein 
(vitamin test), 25; cellulose, 17; Crisco, 5; 
ashed alfalfa, 2.5; and salt mixture, 2.5. 
It was fortified with the following vitamins 
in milligrams per 15 g. of diet, the amount 
generally consumed by each animal daily: 
thiamine hydrochloride, 0.2; riboflavin, 0.3; 
pyridoxine hydrochloride, 0.2; calcium pan- 
tothenate, 0.3; niacin, 0.7; biotin, 0.002; 
folacin, 0.07; vitamin By. (animal protein 
factor) 0.0005; para-aminobenzoic acid, 14; 
choline chloride, 15; inositol, 35; menadione, 
0.5; and alpha-tocopherol acetate, 30. Vita- 
mins A and D were supplied at levels of 
50) and 10 1.v., respectively, per 15 g. of 
diet. The trace mineral supplement con- 
sisted of the following (milligrams per 15 
g. of diet): MnSO,-4H,.0, 3.05; ZnSO,-7H,0, 
3.05; CuSO,-5H.O, 0.6; CoCl, 0.5; and 
KI, 0.6. 

In preliminary trials the mature animals 
completely rejected a variety of purified 
diets, even when flavored with steam dis- 
tillates of alfalfa or with sodium glutamate. 
The above diet was found to be acceptable 
to the weanling chinchilla and it was used 
in an initial experiment to determine whether 
ascorbic acid was a dietary essential. A 
control group of 2 animals received a ration 
of rabbit pellets fortified with a fermentation 
product of alfalfa. A second group of 4 
animals received the purified diet, while a 
third group of 4 animals received the purified 
diet plus 2 mg. of ascorbic acid per animal 
daily. 

Growth rate was extremely variable in the 
animals of groups 2 and 3 during the first 
seven weeks and it could not be established 
conclusively that ascorbic acid was a dietary 
essential. Although the average weight gains 
of the animals on the ascorbic acid-deficient 
diet (group 2) were less than those obtained 
in the animals receiving ascorbic acid, those 
of group 2 failed to improve with ascorbic 
acid supplement. The growth in_ these 
animals was improved by doubling the 
supplement of all the other vitamins. 

This result suggested that other vitamins 
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might be limiting. A second experiment was 
conducted in which the purified diet was 
modified by increasing all vitamins to twice 
the original amount and by increasing the 
cellulose component to 20 per cent at the 
expense of sucrose. The latter change was 
noted to improve the texture of the feces. 
Ascorbic acid was again omitted from the 
supplement. 

In order to determine the thiamine re- 
quirement, 10 weanling chinchillas were fed 
this diet with the thiamine supplement 
omitted for one week. They were then 
divided into four groups as follows: Group 
1 (2 animals) was continued on the thiamine- 
free diet; groups 2, 3, and 4, consisting of 
3, 3, and 2 animals, respectively, received 
the thiamine-free basal diet, plus 0.05, 0.10, 
and 0.40 mg. of thiamine per 15 g. of diet, 
respectively. 

The average weekly body weight gains 
over a six-week period were 2.1, 4.1, 6.7, 
and 11.3 for groups 1, 2, 3, and 4, respec- 
tively. This result indicated that the 
thiamine requirement was in excess of 0.1 
mg. daily and was probably somewhere be- 
tween this value and 0.4 mg. daily. 

The establishment of the dietary require- 
ments for animals about which little is 
known is. always difficult. King and 
Orcutt followed the general practice of 
utilizing procedures that have been used 
in establishing the dietary requirements 
of other herbivorous rodents such as the 
hamster, the guinea pig and the rabbit. 
The results obtained seem to justify the 
conclusion that such diets will be useful in 
the study of the nutritional requirements 
of the chinchilla. The lack of uniformity 
in the animals appeared to be the most 
serious handicap. For example, the 20 


weanling animals used in the two experi- 
ments varied in age between 5 and 11 weeks 
and in body weight between 130 and 280 g. 

The maximum growth obtained under 
the most favorable purified diet conditions 
(10 to 12 g. weekly) was equal to that ob- 
tained with the rabbit pellet diet and was 
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considered by King and Orcutt to be nearly 
normal, although they agree that there are 
no reliable published data for comparison 
of weight gains of animals under ranch 


METABOLISM 


The extracellular spaces of the body are 
characterized by their high content in 
“ground substances,” mostly polysac- 
charides and collagen. Collagen is an 
albuminoid, that is, a protein made exclu- 
sively of amino acids, but characterized by 
a great insolubility in all neutral solvents, 
as well as in dilute acid or alkali. It is widely 
distributed throughout most tissues and is 
found in large amounts in bone, cartilage, 
tendons and skin. It has been estimated 
that fully one third of the total mass of the 
protein of the mammalian body consists of 
collagen. Healing of many inflammatory 
processes is accompanied by collagen deposi- 
tion. Various disturbances of common occur- 
rence, such as rheumatic diseases, have 
been shown to be characterized by degenera- 
tive changes in the collagen. Yet, in spite of 
its obvious importance in normal and 
pathologic phenomena, studies of the me- 
tabolism of collagen have remained surpris- 
ingly scarce. In particular, until recently it 
had not been established whether this extra- 
cellular protein is, like most intracellular 
proteins, constantly broken down and re- 
synthesized in the normal animal. 

Furthermore, it had been shown (S. B. 
Wolbach and P. R. Howe, Arch. Path. 1, 1 
(1926); Wolbach, Am. J. Path. 9, 689 
(1933)) that reticulum and collagen are not 
formed in the scorbutic animal. Normally, 
in the intercellular substance, fibroblasts lie 
in an amorphous ground substance within 
which fibrils of a reticulum are found as 
wavy bands of collagen. The fibrils are 
cemented together by a translucent matrix. 
In the scorbutic animal the ground sub- 
stance and fibroblasts are present, but no 
collagen is formed. After the administration 


NUTRITION REVIEWS 


| March 


conditions. They therefore consider their 
findings regarding the nonessentiality of 
ascorbic acid and the needs for thiamine by 
the chinchilla as tentative. 


OF COLLAGEN 


of ascorbic acid, bundles of collagenous 
material are formed within twenty-four 
hours. 

On the other hand, while ascorbic acid 
thus obviously intervened in the synthesis 
of collagen, neither the amount nor the 
concentration of already existing collagen is 
decreased in acute or chronic ascorbic acid 
deficiency of guinea pigs (S. K. Elster, 
J. Biol. Chem. 186, 105 (1950); W. van B. 
Robertson, Jbid. 187, 673 (1950)). This 
stability of collagen in the absence of a 
vitamin necessary for its formation could be 
taken as an indication that the molecule, 
once laid down, does not undergo extensive 
degradation and resynthesis; thus one could 
question whether the concept of the dynamic 
state of the body proteins (R. Schoenheimer, 
“The Dynamic State of Body Constituents,” 
Chapt. 2, Harvard University Press, Cam- 
bridge (1942)) can be effectively applied to 
collagen. 

A series of recent publications reporting 
on measurements of the turnover rate of 
collagen by the use either of radiocarbon 
(J. C. Perrone and H. G. B. Slack, Biochem. 
J. 48, iv (1951); A. Neuberger, Perrone, and 
Slack, Jbid. 49, 199 (1951); Perrone and 
Slack, Ibid. 49, lxxii (1951)), or heavy 
nitrogen (W. van B. Robertson, J. Biol. 
Chem. 197, 495 (1952)) have considerably 
advanced our understanding of the metabo- 
lism of this important body constituent. 

Neuberger, Perrone, and Slack (loc. cit.) 
made use of the fact that collagen is par- 
ticularly rich in glycine. Labeled glycine 
(containing C™ in the methylene group) was 
fed over a period of three days at the begin- 
ning of each experiment to series of rats, 
either old adults, young adults, or small 
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growing animals. These were killed after 
varying lengths of time and collagen was 
prepared from white tendons. Glycine was 
isolated from liver, muscle protein and 
tendon collagen by hydrolysis, formation of 
the dinitrophenyl derivative, and column 
chromatographic separation. The specific 
radioactivity of the glycine was measured. 

As expected, liver and muscle protein 
showed a high activity twenty-four hours 
after completion of labeled glycine feeding. 
This was followed by a fairly steady de- 
crease of the activity with time. By con- 
trast, incorporation of radioactive glycine 
into tendon collagen was small in old adult 
animals. Furthermore, the specific activity 
of the tendon collagen had hardly decreased 
after several weeks, indicating either absence 
of breakdown of collagen molecules once 
they are formed, or a very slow turnover. In 
fact, the half-life of the molecules (the 
period during which half of the molecules 
are replaced) must be of the same order of 
magnitude as the duration of the life of the 
rat. Only in small growing rats was there 
any evidence of active incorporation of 
labeled glycine into collagen, but this indi- 
cated growth rather than turnover. Perrone 
and Slack (loc. cit.) extended this finding, 
obtained on tendon collagen, to skin and 
bone collagen. 

Robertson (J. Biol. Chem. (1952), loc. cit.) 
used a similar technic for the study of 
collagen turnover, with N!*-glycine incor- 
poration instead of C-labeled glycine incor- 
poration as the means of tagging collagen, 
and with the guinea pig replacing the rat as 
the experimental animal. He found a some- 
what higher rate of turnover for collagen 
than that suggested by the British authors. 
Labeling the amino group is perhaps not so 
safe as labeling the carbon chain, as it is not 
excluded that some N'* may be incorporated 
without the molecule of collagen “turning 
over.” Robertson himself interprets his data 
as suggesting that whatever nitrogen turn- 
over takes place in collagen takes place 
without appreciable breakdown of the 
macromolecule. 


NUTRITION REVIEWS 83 


More unexpected is the finding that ani- 
mals losing weight because of caloric re- 
strictions, suffering from acute scurvy, or 
recovering from scurvy, all showed low 
incorporation of N'* in collagen, even though 
the amount of isotope fed was constant. No 
specific effect of ascorbic acid was evident. 
This is surprising in view of the fact that 
the formation of collagen in various repair 
tissues has been shown to be markedly de- 
creased in the absence of ascorbic acid 
(S. B. Wolbach and O. A. Bessey, Physiol. 
Rev. 22, 233 (1942)). It may indicate that 
the formation of organ collagen, unlike 
repair collagen, does not require ascorbic 
acid. 

Finally, making precise use of the forma- 
tion of repair collagen as a symptom of 
scurvy, W. van B. Robertson and V. Cross 
(Fed. Proc. 11, 454 (1952)) set out to test 
the suggestion of J. Mayer and W. A. Krehl 
(Arch. Biochem. 16, 313 (1948); Nutrition 
Reviews 6, 224 (1948)) that rats fed a syn- 
thetic diet deficient in vitamins A and C 
develop scorbutic symptoms. Avitaminosis 
A is conducive to lower blood and organ 
levels of ascorbic acid in the rat. Irish moss 
extract was injected subcutaneously, induc- 
ing fibrous tissue formation in rats fed the 
deficient diet of Mayer and Krehl and in 
control rats receiving the same diet supple- 
mented with either vitamin A or C. No 
difference was found in the rate of collagen 
formation between animals receiving or not 
receiving the vitamins. This experiment indi- 
cates that ascorbic acid depletion caused by 
vitamin A deficiency is not sufficient to be 
termed scorbutic if histopathologic criteria 
are, correctly, used to define the term. 

The implications of these studies can 
hardly be overemphasized in view of the 
importance of collagen in normal and 
pathologic processes. Among the various 
conclusions that can be derived from the 
work summarized here, one of the most 
striking is that the concept of the dynamic 
state of body proteins has in fact a more 
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limited application than is generally be- 
lieved. In collagen, we have a protein repre- 
senting almost 40 per cent of the total pro- 
tein mass of the body which may not 
participate in this turnover. The extreme 
reactivity of certain tissues, liver tissue, for 
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example, becomes all the more significant 
by comparison. The notion of protein 
requirement, at least in the adult, is seen as 
corresponding in fact to the needs of replac- 
ing specialized tissues rather than all of the 
body proteins. 


DIETARY THYROXINE AND HYPOTHYROIDISM 


The modification of the manifestations of 
hypothyroidism by diet was demonstrated 
by B. Kommerell (Arch. f. exp. Pathol. u. 
Pharmakol. 161, 141 (1931)). This worker 
found that a beef diet raised the metabolic 
rate of thyroidectomized dogs whereas the 
meat from a thyroidectomized calf was 
without effect. A meat diet also has been 
found to prevent the changes in the pituitary 
basophil cells of rats which occur following 
thyroidectomy (W. E. Griesbach and H. D. 
Purves, Brit. J. Exp. Path. 24, 174 (1943)). 

C. P. Leblond and H. Eartly (Endocri- 
nology 51, 26 (1952)) found that rats in their 
laboratory continued to grow following 
total thyroidectomy. To produce a state of 
complete thyroxine deficiency a study was 
made to eliminate all possible sources of 
thyroxine. 

Thyroidectomy was performed on 50-gram 
rats, using special precautions to insure the 
completeness of the operation and the pre- 
vention of contaminating the operating field 
with fragments of thyroid. A search of the 
thyroid region upon completion of their 
studies revealed no evidence of regeneration. 
The authors did not utilize a more sensitive 
index of thyroid remnants, namely, localiza- 
tion of radioactive iodine. To prevent the 
possibility of thyroxine synthesis by extra- 
thyroidal tissues the basic experimental 
diet was very low in iodine. For some experi- 
ments the diet was supplemented with rat 
meal prepared from the whole carcass of 
thyroidectomized rats maintained on a low 
iodine diet for at least three weeks. Thy- 
roidectomized rats fed the basic diet supple- 
mented by the addition of 5 per cent and 20 


per cent rat meal ceased to grow after three 
weeks as compared to the near normal 
growth found when such rats were fed 
commercial laboratory chow. The tails of 
the rats on the low iodine diets developed 
thick and irregular crusts. A similar change 
also occurred on the toes. The hair became 
thinned in several areas. Exophthalmus was 
observed commonly, but the authors do not 
provide photographs or measurements docu- 
menting this significant finding. As was ex- 
pected, the rats were sluggish and clumsy in 
their behavior. Histologic study of the 
pituitary demonstrated a complete absence 
of acidophils. The epiphyseal plates of the 
tibia were thin and inactive. Thyroidec- 
tomized rats fed similar diets developed 
normally when they were given 3 micro- 
grams of pL-thyroxine daily by injection. 

It was postulated that low temperature 
might increase not only the need for, but 
also the utilization of thyroxine in the thy- 
roidectomized rat. For this reason rats were 
maintained at 16°C. and fed the diets men- 
tioned above. The thyroidectomized rats 
fed the basic diet supplemented by rat meal 
from thyroidectomized animals stopped 
growing after two to three weeks. Unlike 
the thyroidectomized rats maintained at 
27°C., these rats died after about four weeks 
of a progressive spastic paralysis. 

The body temperature of thyroidec- 
tomized rats in an environment of 16°C. 
was not maintained and fell progressively. 
The rats reached a state of inactivity resem- 
bling hibernation with only 2 or 3 respira- 
tions per minute. The paralysis was at- 
tributed to hypothermia. 
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The injection of 3 micrograms of DL- 
thyroxine daily did not maintain normal 
weight gain in the thyroidectomized rats 
kept at 16°C. A dose of 6 micrograms of 
thyroxine proved adequate to support con- 
tinued growth. Commercial laboratory chow 
fed to rats maintained at 16°C. permitted 
growth intermediate between rats fed the 
thyroxine-free diets and the rats receiving 
thyroxine. 

These studies indicate clearly that dietary 
sources of thyroxine must be eliminated 
before thyroxine deficiency can be said to 
exist in thyroidectomized rats. It is difficult 
to believe that the small amounts of thy- 
roxine believed to exist in animal protein 
can contribute significant amounts of hor- 
mone to thyroidectomized rats. The 
sensitivity of the thyroidectomized animal 
to small doses of thyroxine, however, is 
remarkable. Definite clinical responses to 8 
mg. of desiccated thyroid can be recognized 
in myxedema. 

The authors have failed to separate the 
importance of decreasing dietary thyroxine 
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and dietary iodine. The comparative impor- 
tance of each factor would be of considerable 
interest. It has been suggested that iodine 
in the body has a role independent of its 
role as a precursor of thyroxine (J. Walden- 
strém, Acta med. Scandinav. 121, 251 
(1945)). It might be argued that the thy- 
roidectomized rats fed the low-thyroxine, 
low-iodine diet exhibited the sequelae of 
two deficiencies rather than one. 

The authors imply that dietary thyroxine 
may account for the observation of Hertzler 
that only 17 per cent of patients require 
thyroid extract after ‘total’ thyroidectomy. 
This suggestion is difficult to accept in view 
of the fact that rarely is a thyroidectomy 
“total.’’ Nearly always the posterior capsule 
with some thyroid follicles remains as a 
source of regeneration. When myxedema 
has failed to develop, radioiodine accumula- 
tion in the neck has been demonstrated. The 
dependence of human beings on a normal 
supply of thyroxine is so great that dietary 
thyroxine probably modifies human athyre- 
osis very little. 


CHYLOMICRONS AND SERUM FAT TRANSPORT 


The physical nature of fat in the serum 
has been investigated with many technics. 
A definite relation of lipids and certain lipo- 
proteins has been established by Cohn and 
others. J. L. Oncley, F. R. N. Gurd, and M. 
Melin (J. Am. Chem. Soc. 72, 458 (1950)) 
have isolated a well-defined lipoprotein of 
consistent composition. The demonstration 
of other lipids, presumably constituents of 
lipoproteins, has been achieved by salt frac- 
tionation, ultracentrifugation and _ electro- 
phoresis. 

The lipid which is carried in the serum 
unconjugated with protein exists largely as 
neutral fat. A study of the composition and 
fate of chylomicrons in dogs has been carried 
out by R. L. Swank and V. Wilmot (Am. J. 
Physiol. 167, 403 (1951)). Lipid analyses of 
serum were performed before and after 


repeated centrifugations at 14,000 r.p.m. 
Microscopic examination demonstrated that 
all visible chylomicrons were removed by 
this procedure. It was assumed that the 
differences in the lipid concentration of the 
clear serum after centrifugation and the 
original serum represented the lipid of the 
chylomicrons. The lipid content of the 
chylomicrons was calculated to be 97 per 
cent neutral fat and 3 per cent cholesterol. 
After a meal of 4 g. of cream fat per kilo- 
gram of body weight approximately one 
third of the total plasma neutral fat was 
present in the chylomicrons. Moreover, three 
quarters of the neutral fat increment over 
fasting levels was present in the chylomi- 
crons. 

W. F. Van Eck, J. P. Peters, and E. B. 
Man (Metabolism 1, 383 (1952)) have 


&6 NUTRITION REVIEWS 


studied the unconjugated lipid components 
of human serum. In their studies serum was 
centrifuged at 18,000 r.p.m. at 5°C. for one 
or more hours. Stratification of lipids was 
sought by sampling different layers of the 
serum. Analyses were performed for total 
fatty acids, free and combined cholesterol, 
lipid phosphorus, neutral fat, and protein. 
When normal serum was centrifuged in this 
manner no concentration of lipids in the 
supernatant fraction could be demonstrated, 
and no sedimentation of protein occurred. 

Three and one-half hours following the 
ingestion of a meal containing 50 g. of fat 
and 1 g. of cholesterol, a visible surface 
layering of lipids was apparent after cen- 
trifugation of the serum. The visual impres- 
sion of concentration of lipid was confirmed 
by chemical analyses which showed an 
increase in total fat without definite change 
in other components. It may be concluded 
that after a fatty meal a portion of the 
neutral fat carried in the serum is found in 
the blood in an apparently free state. This 
neutral fat gives to the serum a lactescent 
appearance. The authors calculated that less 
than 10 per cent of the ingested fat remained 
in the circulation at three and one-half 
hours. 

The above technics were also applied to 
serums which were milky even in the post- 
absorption state. Serums from 3 diabetic 
patients with hyperlipemia and 2 patients 
with essential hyperlipemia were studied. 
Again no layering of proteins could be 
demonstrated with this rate of centrifuga- 
tion. However, the lipids were concentrated 
in a semisolid dise present on the surface. 
Beneath the disc there was a zone of de- 
creasing opalescence due to incomplete 
separation. The dise was found to contain 
not only neutral fat, but also a considerably 
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increased concentration of cholesterol. In 
the supernatant lipid layer there was a 
much higher proportion of cholesterol in the 
free form than in the total plasma. 

To support their view that considerable 
neutral fat in milky serums existed free of 
proteins, the supernatant lipid after cen- 
trifugation was collected. This lipid was 
washed with isotonic saline solution. With 
only four washings the nitrogen content fell 
to 0.05 mg. per 4.3 mg. of cholesterol. This 
treatment is sufficiently mild that it will not 
disrupt the usual lipoprotein. 

Because the intravenous injection of 
heparin has been shown in dogs to decrease 
the chylomicrons of the serum (P. F. Hahn, 
Science 98, 19 (1943)), the effect of this 
agent on the lipid of human serum was 
made. The in vitro addition of heparin pro- 
duced no change in the lipid content. How- 
ever, when heparin was given intravenously 
to individuals with lipemic serum, a drop in 
plasma neutral fat occurred. 

Morphologically the lipid which separated 
on centrifugation exists as chylomicrons. In 
normal individuals chylomicrons appear in 
the blood stream after ingestion of a high- 
fat meal. The persistence of increased num- 
bers of these microscopic fat droplets in the 
postabsorptive state (hyperlipemia) cannot 
be adequately explained. 

These observations in dogs and humans 
using very simple technics indicate that the 
lactescence of blood serum is due to neutral 
fat which exists independent of protein 
conjugation. Normally this is present only 
after meals, but in certain pathologic states 
similar lipids are present at all times. The 
importance of differentiating serum lipids 
not only by their components but also by 
their physical state within the serum is 
obvious from these studies. 


A NEW AMINO ACID 


D. W. Woolley, R. B. Pringle, and A. C. 
Braun (J. Biol. Chem. 197, 409 (1952)) 


announced in the early part of 1952 that 
the acid hydrolysis of the toxin of Pseudo- 
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monas tabaci, the microorganism responsible 
for the wildfire disease of tobacco, yielded, 
besides known amino acids, an unknown 
substance. This compound gave a positive 
reaction with the amino acid reagent nin- 
hydrin and it moved on paper chromato- 
grams as amino acids do, although it did so 
more slowly than recognized amino acids. It 
was readily destroyed by chloramine T, as 
are amino acids. The Rockefeller Institute 
workers therefore postulated that the un- 
known substance was a new amino acid. In 
a more recent report Woolley, G. Schaffner, 
and Braun (Ibid. 198, 807 (1952)), have 
described the isolation of this new amino 
acid in pure form and established its strue- 
tural formula. 

The first step in the isolation of the 
amino acid (called ‘‘tabtoxinine” because of 
its origin) was hydrolysis of the toxin by 
hydrochloric acid, concentration of the 
hydrolysate under reduced pressure to dry- 
ness, solution, reconcentration and neutral- 
ization. After removal of mineral ions by 
adsorption, the new amino acid was caused 
to crystallize by addition of ethanol. Analy- 
sis of the isolated substance showed that 
tabtoxinine corresponded to the formula 
C;H,O;N:. Aqueous solutions of the amino 
acid were neutral. Measurement of carbon 
dioxide evolved during the ninhydrin de- 
carboxylation test showed that the nitrogen 
atoms were present as amino groups situated 
in the alpha position to carboxyl groups. 
These facts suggested that the new amino 
acid was a derivative of diaminopimelic acid 
(pimelic acid is the seven-carbon straight- 
chain dicarboxylic acid; the diamino acid is 
derived by addition of two alpha amino 
groups). The presence of an extra oxygen 
group suggested in addition the existence of 
a hydroxyl group. Chromatographic be- 
havior of the compound also indicated that 
it was a hydroxy diaminopimelic acid. 

The position of the hydroxyl group was 
established as being adjacent to one of the 
amino groups by the use of sodium periodate, 
an oxidizing agent specific for a hydroxy] 
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group in an alpha position to another 
readily oxidizable group, such as an amino 
or another hydroxy! group. Periodate rapidly 
destroyed the new amino acid and one 
equivalent of periodate was destroyed in the 
process. After this reaction a small amount 
of a substance was found which moved on 
paper chromatograms as did glutamic acid. 
A beta hydroxyl diamino hydroxypimelic 
acid, with the amino group in alpha position 
to the carboxyl groups, would be degraded 
by periodic acid to glutamic acid. Studies of 
oxidation of the new amino acid by nitrous 
oxide and hypobromite confirmed this struc- 
tural formula. 

J. Asselineau, N. Choucroun, and E. 
Lederer (Biochim. et biophys. acta 5, 197 
(1950)), and E. Work (Biochem. J. 49, 17 
(1951)) have recently demonstrated the 
presence of yet another new amino acid, 
alpha-epsilon diaminopimelic acid in hydrol- 
ysates of the diphtheria bacillus and of the 
tubercle bacillus. This amino acid, like tab- 
toxinine, is a sulfur-free diamino dicarboxylic 
acid (in opposition to cystine, a sulfur-con- 
taining diamino dicarboxylic acid). The rela- 
tion of the two pimelic acid derivatives is 
analogous to that between serine and 
alanine. 

Another point of interest stems from the 
fact that these two bacterial amino acids 
are structural analogues of methionine, the 
methyl sulfhydryl group being replaced by 
a three-carbon chain containing various 
reactive groups. As a result, Woolley and 
his collaborators have postulated that the 
toxicity of tabtoxinine, for example, is due 
to its behavior as an antimetabolite. The 
new amino acid accounts for more than half 
of the amount of amino acid isolated from 
the toxin. Besides the interest inherent in 
the discovery of a new building stone in the 
architecture of protein, tabtoxinine may 
perhaps also yield a key as to what causes 
the pathogenicity of some of the substances 
liberated into the host by infectious micro- 
organisms. 
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ACETATE AND PYRUVATE METABOLISM IN OBESE MICE 


Obesity is said to be the outstanding 
abnormality ordinarily detected in physical 
examinations in this country. It is obvious 
that the cause of this condition rests upon 
the quantitative disparity between the 
energy requirement of the individual and 
that taken in as food (J. W. Conn, Physiol. 
Rev. 24, 31 (1944); J. R. Brobeck, J. Tepper- 
man, and C. N. H. Long, Yale J. Biol. 
Med. 15, 831 (1942/43)). Reasonable as this 
conclusion is, there is also the possibility 
that the pattern of transformation of fcod- 
stuffs in the organism may be a causative 
factor in obesity. 

Previous reports have dealt with a new 
form of Mendelian recessive obesity in mice 
(Nutrition Reviews 10, 303 (1952)). A report 
(K. Guggenheim and J. Mayer, J. Biol. 
Chem. 198, 259 (1952)) describes a study in 
which these obese mice were used. Whereas 
the usual weight of a mature mouse is 20 to 
30 g., these obese mice weigh over 50 g. 
They select diets containing much more fat 
than do nonobese animals. It has been noted 
that the adult obese mice show glycosuria, 
high nonfasting blood sugar levels ranging 
up to 300 mg. per cent, and resistance to 
insulin (Mayer, M. W. Bates, and M. M. 
Dickie, Science 113, 746 (1951)). The blood 
sugar level is strikingly reduced by fasting 
and by diets which are low in carbohydrate, 
but rich in protein and fat. Despite the 
greater body weight, the over-all consump- 
tion of oxygen is smaller for the obese than 
for the nonobese mice (Mayer, R. E. Russell, 
Bates, and Dickie, Endocrinology 50, 318 
(1952)). In contrast to their resistance to 
insulin, the obese mice are sensitive to 
growth hormone, pancreatectomy, ACTH, 
and various combinations of hormones. This 
strain of obese mice seemed well suited for a 
study of the biosynthesis of lipids from 
simpler carbon compounds and of the 
metabolic error responsible for the observed 
diabetes. 

The animals were fed commercial chow 


except when fasting or when a purified diet 
was given. After being fasted for fourteen to 
eighteen hours, normal and obese mice were 
given 1.0 millimole of C'*-carboxyl-labeled 
sodium acetate per 100 g. body weight or 
the same amount of C'-carboxyl]-labeled 
sodium pyruvate, by intraperitoneal injec- 
tion. They were then placed in a metabolism 
chamber and the radioactivity of the expired 
carbon dioxide was determined. As controls 
for the pyruvate animals, untreated non- 
obese mice and nonobese mice to which 
alloxan had been administered were used. 
On the basis of the incorporation of C™ into 
the expired carbon dioxide, it appears that 
the obese animals utilize the acetate for 
purposes other than oxidation to a greater 
degree than do the nonobese mice. While 
diminished recovery of the administered C™ 
in the expired carbon dioxide was also ob- 
served in the labeled pyruvate-treated 
obese mice, the decrease was less significant 
than that found for the alloxan-treated 
nonobese mice. 

In the light of the demonstration that 
acetate is a precursor of fatty acid and 
cholesterol (D. Rittenberg and K. Bloch, 
J. Biol. Chem. 160, 417 (1945); Bloch, E. 
Borek, and Rittenberg, Jbid. 162, 441 
(1946)) the C™ activity of the fatty acids 
and cholesterol of the liver was examined 
after pair-fed obese and nonobese animals 
had been given the same amount of labeled 
acetate for three days. The specific activity 
of these lipids in nonobese mice was greater 
than that in the obese animals, but the 
greater content of fat in the liver lipids of 
the obese mice results in more than double 
the over-all incorporation of the C' in the 
fatty acids. Although the total activity of 
the liver cholesterol was greater in the obese 
than in the nonobese animals the difference 
was not significant. 

The foregoing observations indicate that 
the obese mice oxidize a smaller proportion 
of administered acetate than do the nonobese 
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animals and that the acetate not oxidized 
appears to a large extent as body fat. This 


NUTRITION REVIEWS 89 


enhanced rate of lipogenesis may be impor- 
tant in the cause of this type of obesity. 


ISOTOPE STUDIES IN DENTAL TISSUES 


An increasing amount of evidence is 
accumulating to indicate that mature teeth 
are permeable to certain ions and that 
there is a definite uptake or exchange of 
ions by both the enamel and the dentin. 
Early studies of these phenomena have been 
reviewed by W. D. Armstrong (Ann. Rev. 
Biochem. 11, 441 (1942)). A recent investi- 
gation has presented evidence which corrob- 
orates and greatly extends the earlier find- 
ings (R. F. Sognnaes and J. H. Shaw, J. Am. 
Dent. Assn. 44, 489 (1952)). 

Rhesus monkeys were used for these 
experiments because their teeth were more 
comparable to those of human beings with 
regard to size, shape, structure and _ pre- 
sumably with respect to physiologic charac- 
teristics. The experimental procedure of the 
first part of the investigation consisted of a 
single intravenous injection of radiophos- 
phorus (P*) into intact monkeys. After 
periods varying from five hours to nine 
days, the monkeys were killed, and their 
teeth were extracted and studied for the 
distribution of P® therein. Two definite P® 
gradients were observed: one decreasing 
from a very high activity in the internal 
dentin just in the region of the predentin 
down to a very low activity in the external 
dentin adjacent to the dentino-enamel junc- 
tion; the second gradient decreasing from a 
relatively high value in the outer surface of 
the enamel to a low value in the internal 
enamel adjacent to the dentino-enamel 
junction. The average radioactivity of the 
enamel was approximately one fifth of the 
average value for dentin. 

One interesting observation was that the 
enamel and dentin of recently erupted teeth, 
which were sufficiently young that they were 
still not in functional position, had higher 
radioactivity values than the enamel and 


dentin of teeth which had been in the oral 
cavity for extended periods of time. The 
enamel of those teeth which were just 
erupting into the oral cavity had taken up 
approximately ten times as high an amount 
of P® as the enamel of mature teeth. The 
dentin of the recently erupted teeth con- 
tained almost twice as much P® as the dentin 
of mature teeth. The enamel and dentin of 
these recently erupted teeth had relatively 
similar uptakes of radioactivity in contrast 
to the 5:1 ratio for dentin to enamel of 
mature teeth. 

This difference between erupting and 
fully erupted teeth is an interesting one 
which suggests a period of ‘‘maturation”’ of 
the teeth after they erupt into the oral 
cavity. The problem arises as to whether 
the elements involved in this process of 
maturation, particularly insofar as the 
enamel is concerned, came directly from the 
saliva and oral environment or from the 
internal blood supply. If the maturation of 
the enamel is dependent upon the uptake of 
elements from its oral environment, the 
type of oral environment may have a vast 
effect on the maturation process and indeed 
influence the later caries susceptibility of 
the teeth by reason of the degree of matura- 
tion permitted. 

In the next series of studies, special pre- 
cautions were taken to prepare an experi- 
mental arrangement whereby the external 
surface of intact teeth could be protected 
from any contact with the oral secretions. 
This was achieved in anesthetized monkeys 
by a complicated arrangement. A thin sheet 
of surgical rubber dam was perforated by a 
hole approximately one third of the diameter 
of the neck of the experimental tooth; the 
rubber dam was temporarily stretched 


enough to allow the crown of the tooth to 
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pass through the perforation; the dam was 
held in place by a dental clasp and then a 
plastic tube was sealed around the neck of 
the tooth above the clasp. Repeated testing 
indicated that this arrangement prevented 
any passage of oral secretions into the 
interior of the plastic tube. 

With this system in place to protect and 
isolate the two upper first permanent molars 
from the oral fluids, the lower first perma- 
nent molars served as unmanipulated con- 
trols during the period of anesthesia for five 
to twenty-four hours. In this way, the 
external surface of the experimental tooth 
could be kept dry throughout the period of 
investigation, or it could be bathed by 
saliva, or by any one of a number of possible 
materials. At the same time, P® could be 
introduced into the monkey intravenously, 
or the radioactivity could be added to the 
solution around the isolated tooth, or bio- 
logically radioactive saliva collected from 
another monkey could be placed in the cup. 

In monkeys given large intravenous doses 
of P®, when the outer surfaces of the enamel 
of these isolated teeth were kept dry or 
when they were bathed with nonradioactive 
saliva, the dentin of the isolated teeth took 
up as much P® as did the control teeth in 
the same monkey. However, the enamel of 
the isolated teeth, whether dry or wet with 
normal saliva, did not incorporate a detect- 
able amount of P** into its substance during 
the experimental periods tested. In other 
words, the turnover of P® in the dentin of 
the isolated teeth was not altered by the 
segregation from the oral fluids, but the 
turnover of P® in the enamel of these experi- 
mental teeth was reduced essentially to zero 
even when the experimental period was as 
long as twenty-four hours. Modification of 
the osmotic pressure of the saliva placed 
around the outside surface of these teeth by 
a 50 per cent dilution with water or by an 
addition of 20 per cent sucrose did not make 
significant changes in the turnover of phos- 
phorus in the enamel or the dentin. 

In monkeys which were given no intra- 


venous radioactivity, but where P® was 
added to the saliva in the cups around the 
isolated teeth or where biologically radio- 
active saliva was placed in the cups, an 
appreciable amount of P® penetrated into 
the enamel right up to the dentino-enamel 
junction. However, in the five-hour experi- 
mental period used, no P® had penetrated 
into the dentin. The above observations 
demonstrate clearly that the great majority 
of the P® incorporated into the enamel of 
intact teeth must have been obtained from 
the oral fluids and moved into the enamel 
in the centripetal direction. 

In monkeys in which certain of the teeth 
were prepared for experiment by removal of 
the pulp and insertion of gutta percha to fill 
the pulp chamber, the amount of P® taken 
up by the dentin of the pulpless teeth was 
much less than the amount in the intact 
teeth. The region of extremely high activity 
in the area around the predentin was largely 
abolished. However, it is interesting to note 
that there were still some traces of P® in 
the dentin, which raises the question of the 
pathway through which access to the pulp 
had been gained. The authors drew atten- 
tion to the fact that pulpless teeth are not 
entirely nonvital by reason of the vascular 
communication from the periodontal sup- 
porting structures, possibly by way of the 
Tome’s granular layer of the root surface 
and the dentino-enamel junction. The 
enamel in the pulpless teeth appeared to 
have a somewhat reduced P® exchange, but 
the degree of reduction was insufficient to 
justify a sound conclusion. 

Later, similar experiments were conducted 
with radioactive iodine (I'*') and radioactive 
hydrogen (H*) (R. F. Sognnaes, J. H. Shaw, 
R. Bogoroch, and E. Sweeney, J. Dent. Res. 
31, 483 (1952)). In the case of these ele- 
ments, the enamel and dentin proved to be 
much more permeable than they were to 
P®. Five hours after external exposure of 
molar crowns to I!, blood, urine and the 
thyroid gland were found to contain readily 
detectable amounts of I'*'. Five hours after 
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intravenous administration of either I! or 
H?, significant amounts of both isotopes had 
passed from the pulp through the dentin 
and the enamel into the saliva in the plastic 
tubes. 

These studies indicate with great clarity 
that there is a definite passage of ions 
through the enamel and dentin. The great 
majority of the uptake of ions by the enamel 
takes place from the external surface of the 
enamel in contact with the oral fluids. In 
contrast, the majority of the uptake of ions 
by the dentin took place from the blood 
supply in the pulp. This general body of 
information not only gives clues to the 
potentialities for a type of metabolism 
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within the hard structures of the teeth, but 
points to a real need for a considerable 
extension of such investigations to include 
further exploration of the rate of exchange 
of ions in the enamel and dentin and the 
rate of diffusion of ions through these struec- 
tures. At present, only fragmentary informa- 
tion is available for the normal tooth of 
supposedly healthy animals. Many more 
data are needed for the well-formed tooth 
as well as for the malformed tooth. Possibly 
somewhere in the over-all general pattern of 
the metabolic potentialities of the hard 
structures lie the clues to our present high 
incidence of tooth decay among the popula- 
tions of many countries of the world. 


HORMONAL INFLUENCES ON TISSUE NEEDS OF ASCORBIC ACID 


The adrenal content of ascorbic acid is 
unusually high and undergoes rapid change 
in association with stress states or hormonal 
stimulation of this gland (C. N. H. Long, 
Fed. Proc. 6, 461 (1947)). There is evidence 
that this vitamin may be necessary either 
for the production or the release of certain 
cortical hormones (Nutrition Reviews 3, 
37 (1945); 8, 52 (1950)). The majority of 
these observations have been carried out in 
animals subjected to stressful environmental 
situations, treated with trophic hormones, or 
in animals completely depleted of ascorbic 
acid by scorbutogenic diets. 

Certain aspects of the problem relating 
hormone action and ascorbic acid require- 
ment have been investigated by W. H. 
Pfander (J. Nutrition 47, 487 (1952)). 
Pfander’s studies were carried out on male 
guinea pigs receiving small doses of ascorbic 
acid while consuming a standard scorbuto- 
genic diet. The intake of ascorbic acid per 
100 g. of body weight was 0.7 mg. in the 
control group; 0.55 mg. in a second group 
and 0.4 mg. in a third group. The criterion 
of adequate nutrition of ascorbie acid was 
based upon histologic studies of the height 
of the odontoblast layer and the weight of 


the adrenal gland, as well as determination 
of the adrenal concentration of ascorbic 
acid by the method of J. H. Roe and C. A. 
Kuether (J. Biol. Chem. 147, 399 (1943)). 
Using these criteria, Pfander and H. H. 
Mitchell have established 0.7 mg. per 100 g. 
body weight as the minimum requirement 
of the male guinea pig in the weight range 
200 to 300 g. (J. Nutrition 47, 503 (1952)). 

Hyperthyroidism was induced by ad- 
ministering daily doses of 20 mg. of iodi- 
nated casein calculated as equivalent to 
0.54 mg. of thyroxine. This dose proved 
too high and was withdrawn after seven 
days, then reinstituted at 0.6 mg. per day 
for the remainder of the study, a total of 
seven weeks. Evidence of hypermetabolic 
activity was adjudged by pulse rate and 
respiratory rate. From the data obtained, 
the authors calculated that the requirement 
of ascorbic acid in the hyperthyroid guinea 
pig was approximately 1 mg. to 1.4 mg. per 
100 g. body weight. The adrenal weight of 
such animals was significantly elevated and 
the odontoblast height greatly reduced on 
an oral intake of ascorbic acid of 0.7 mg. 
per 100 g. body weight, a dose of the vita- 
min which otherwise maintains adrenal 
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weight and odontoblast heights within 
normal limits. 
“Hypothyroidism”? was induced in 12 
guinea pigs, divided into three groups, by 
administration of thiouracil, 20, 40, and 
60 mg. per kilogram body weight. Each 
group contained one animal given 0.7 mg., 
one given 0.62 mg., another 0.55 mg. and 
a fourth 0.4 mg. of ascorbic acid by mouth 
per day. There was no effect of the level of 
thiouracil intake on odontoblast height or 
on adrenal weight. Similarly, although the 
concentration of adrenal ascorbic acid was 
significantly reduced in those animals having 
a low oral intake of the vitamin, thiouracil 
exerted no clear-cut influence on tissue 
ascorbic acid in any of the animal groups. 
The influence of cortisone on ascorbic 
acid requirements was determined in 9 
guinea pigs, divided into three groups and 
given the hormone by subcutaneous injec- 
tion. Group 1 received saline as controls; 
group 2 received 2.5 mg., and group 3 re- 
ceived 5.0 mg. of cortisone per day. Mem- 
bers of each group were given 0.7, 0.55, 
and 0.4 mg. of ascorbic acid per day. This 
was continued for a period of seven weeks. 
As anticipated, these animals had relatively 
small adrenal glands, in comparison with 
animals given other factors. Increasing doses 
of cortisone and of ascorbic acid both caused 
a decrease in adrenal size, the cortisone effect 
being somewhat more apparent. Urinary 
excretion of ascorbic acid was increased by 
cortisone. Adrenal ascorbic acid appeared to 
be diminished in the treated animals. 
Odontoblast height in the animals given 
cortisone, receiving subminimal amounts of 
ascorbic acid, were within normal limits 
during the first few weeks of cortisone ad- 
ministration. The cells studied in the latter 
weeks of the experiment, however, were 
usually disorganized, fractured, and were 
approximately one-half the height of those 
formed in the early stages of the study. 
Visual inspection revealed little difference 
between the odontoblasts of the animals 
receiving 2.5 mg. of cortisone or saline. 
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These data were of interest, for they suggest 
that while intake of 5 mg. of cortisone daily 
might initially spare the requirements of 
ascorbic acid as determined by study of the 
odontoblast layer, this protection did not 
extend beyond the fourth or fifth week of 
cortisone administration. At the end of the 
fifty-six-day period, control animals injected 
with saline had gained more weight and had 
odontoblasts more nearly resembling those 
of positive control animals than did animals 
given 5 mg. of cortisone. 

The influence of hyperthyroidism (as 
induced by thyroxine administration) on 
adrenal weights has been studied by D. P. 
Wallach and E. P. Reineke (Endocrinology 
45, 75 (1949)), who also report an increase 
in size of the gland. These authors also found 
an increase in adrenal ascorbic acid content, 
preceded by a decline during the early 
stages of thyroxine treatment. Thiouracil 
produced no significant change in ascorbic 
acid requirements, when given in the doses 
used by Pfander. H. H. Freedman and A. 8. 
Gordon, however, (Proc. Soc. Exp. Biol. 
Med. 76, 729 (1950)) found that guinea pigs 
receiving this material developed severe 
adrenal atrophy with a transient rise in 
adrenal vitamin C. Thyroidectomy pro- 
duced a less marked reduction in adrenal 
size, but caused a significant depression in 
adrenal ascorbic acid concentration. It is 
possible, therefore, that doses of thiouracil, 
greater than those used by Pfander, would 
have elicited changes in the tissue need for 
ascorbic acid. 

Cortisone has been shown to exert a 
“vitamin C-sparing” action when given 
to guinea pigs on a nonsupplemented diet 
over a short period of time (O. E. Tauber 
and A. B. Hughes, Proc. Soc. Exp. Biol. 
Med. 75, 420 (1950)). The data given by 
Pfander indicate that animals receiving 
minimal amounts of ascorbic acid, when 
given cortisone for three to four weeks, have 
a reduced tissue need for ascorbic acid. 
Prolongation of cortisone administration in 
such animals, however, for a period of seven 
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to eight weeks, induces changes in adrenal 
weight and the odontoblast layer that sug- 
gest an increased need for this vitamin with- 
out significant change in adrenal content or 
urinary output. Pfander’s studies demon- 
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strate a possible need for criteria establish- 
ing the nutritional status with respect to 
ascorbic acid which supplement determina- 
tions of tissue concentration, urinary output 
and longevity. 


HEPATIC AND PANCREATIC EFFECTS OF ETHIONINE 


Ethionine, the ethyl analogue of methio- 
nine, has been the subject of a number of 
studies in rats, from which it has been 
concluded that this compound inhibits the 
conversion of radioactive methionine to 
glycine (E. Farber, M. V. Simpson, and H. 
Tarver, J. Biol. Chem. 182, 91 (1950)), 
and produces fatty infiltration of the liver 
within twenty-four to forty-eight hours in 
female but not in male rats (Farber, D. 
Koch-Weser, and H. Popper, Endocrinology 
48, 205 (1951); Koch-Weser, Farber, and 
Popper, Arch. Path. 61, 498 (1951)). The 
latter effect has been reported to be pre- 
vented by the administration of glucose, 
or of methionine in excess of the ethionine 
dose (Farber, Thesis, University of Cali- 
fornia (1949)). In addition to these hepatic 
effects, pancreatic damage has been re- 
ported from the administration of this 
compound to rats (Farber and Popper, 
Proc. Soc. Exp. Biol. Med. T4, 838 (1950); 
R. C. Goldberg, I. L. Chaikoff, and A. H. 
Dodge, Ibid. 74, 869 (1950); Nutrition Re- 
views 11, 22 (1953)). 

A study by D. Koch-Weser and H. Popper 
(Proc. Soc. Exp. Biol. Med. 79, 34 (1952)) 
deals with the chronic effects of ethionine 
administration. In these investigations three 
groups of female rats and one of male rats 
were used, one group of females serving as 
pair-fed controls, another receiving 0.5 
per cent ethionine. The males also received 
0.5 per cent ethionine. After twenty-eight 
days of such regimens liver and pancreatic 
histology was studied and lipid analyses 
were carried out on the livers. While the 
control rats showed only a slight increase 
in fat histologically, the ethionine-fed rats, 


both male and female, had marked distor- 
tion of hepatic architecture, fibrosis and 
cellular damage in the liver, with fibrosis 
and acinar atrophy in the pancreas. Ani- 
mals given methionine as well as ethionine, 
however, showed no change in histology. 
Chemical analysis revealed that there was 
less fat in the livers of ethionine-fed animals, 
and this was associated with the disappear- 
ance, histologically, of body fat depots. 


Methionine’ prevented these chemical 
changes also. 
This investigation suggests that the 


chronic toxicity of ethionine results in 
conditions different from those seen in 
acute studies in that fibrosis, alteration of 
histologic architecture and loss of fat de- 
velop in the liver in place of the previously 
reported fatty infiltration. In addition, it 
appears that the chronic effect of ethionine 
eliminates the differences between male and 
female rats which were observed with 
short-term ingestion. The pancreatic changes 
similarly are less inflammatory in the chronic 
type of experiment, while methionine pre- 
vents both hepatic and pancreatic damage, 
thus suggesting that it and ethionine are 
antagonists in the biochemical systems in- 
volved in these two organs. 

Recently the investigation of ethionine 
has been extended to dogs, cats and monkeys 
by A. L. de Almeida and M. I. Grossman 
(Gastroenterology 20, 554 (1952)). In addi- 
tion to histologic studies these workers have 
reported the effects of this compound upon 
enzymes in pancreatic secretions and in 
blood. In experiments in which dogs re- 
ceived 0.1 g. of ethionine per kilogram of 
body weight for periods up to seventeen 
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weight and odontoblast heights within 
normal limits. 

“Hypothyroidism” was induced in 12 
guinea pigs, divided into three groups, by 
administration of thiouracil, 20, 40, and 
60 mg. per kilogram body weight. Each 
group contained one animal given 0.7 mg., 
one given 0.62 mg., another 0.55 mg. and 
a fourth 0.4 mg. of ascorbic acid by mouth 
per day. There was no effect of the level of 
thiouracil intake on odontoblast height or 
on adrenal weight. Similarly, although the 
concentration of adrenal ascorbic acid was 
significantly reduced in these animals having 
a low oral intake of the vitamin, thiouracil 
exerted no clear-cut influence on _ tissue 
ascorbic acid in any of the animal groups. 

The influence of cortisone on ascorbic 
acid requirements was determined in 9 
guinea pigs, divided into three groups and 
given the hormone by subcutaneous injec- 
tion. Group 1 received saline as controls; 
group 2 received 2.5 mg., and group 3 re- 
ceived 5.0 mg. of cortisone per day. Mem- 
bers of each group were given 0.7, 0.55, 
and 0.4 mg. of ascorbic acid per day. This 
was continued for a period of seven weeks. 
As anticipated, these animals had relatively 
small adrenal glands, in comparison with 
animals given other factors. Increasing doses 
of cortisone and of ascorbic acid both caused 
a decrease in adrenal size, the cortisone effect 
being somewhat more apparent. Urinary 
excretion of ascorbic acid was increased by 
cortisone. Adrenal ascorbic acid appeared to 
be diminished in the treated animals. 

Odontoblast height in the animals given 
cortisone, receiving subminimal amounts of 
ascorbic acid, were within normal limits 
during the first few weeks of cortisone ad- 
ministration. The cells studied in the latter 
weeks of the experiment, however, were 
usually disorganized, fractured, and were 
approximately one-half the height of those 
formed in the early stages of the study. 
Visual inspection revealed little difference 
between the odontoblasts of the animals 
receiving 2.5 mg. of cortisone or saline. 


These data were of interest, for they suggest 
that while intake of 5 mg. of cortisone daily 
might initially spare the requirements of 
ascorbic acid as determined by study of the 
odontoblast layer, this protection did not 
extend beyond the fourth or fifth week of 
cortisone administration. At the end of the 
fifty-six-day period, control animals injected 
with saline had gained more weight and had 
odontoblasts more nearly resembling those 
of positive control animals than did animals 
given 5 mg. of cortisone. 

The influence of hyperthyroidism (as 
induced by thyroxine administration) on 
adrenal weights has been studied by D. P. 
Wallach and E. P. Reineke (Endocrinology 
45, 75 (1949)), who also report an increase 
in size of the gland. These authors also found 
an increase in adrenal ascorbic acid content, 
preceded by a decline during the early 
stages of thyroxine treatment. Thiouracil 
produced no significant change in ascorbic 
acid requirements, when given in the doses 
used by Pfander. H. H. Freedman and A. 8. 
Gordon, however, (Proc. Soc. Exp. Biol. 
Med. 75, 729 (1950)) found that guinea pigs 
receiving this material developed severe 
adrenal atrophy with a transient rise in 
adrenal vitamin C. Thyroidectomy pro- 
duced a less marked reduction in adrenal 
size, but caused a significant depression in 
adrenal ascorbic acid concentration. It is 
possible, therefore, that doses of thiouracil, 
greater than those used by Pfander, would 
have elicited changes in the tissue need for 
ascorbic acid. 

Cortisone has been shown to exert a 
“vitamin C-sparing” action when given 
to guinea pigs on a nonsupplemented diet 
over a short period of time (O. E. Tauber 
and A. B. Hughes, Proc. Soc. Exp. Biol. 
Med. 76, 420 (1950)). The data given by 
Pfander indicate that animals receiving 
minimal amounts of ascorbic acid, when 
given cortisone for three to four weeks, have 
a reduced tissue need for ascorbic acid. 
Prolongation of cortisone administration in 
such animals, however, for a period of seven 
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to eight weeks, induces changes in adrenal 
weight and the odontoblast layer that sug- 
gest an increased need for this vitamin with- 
out significant change in adrenal content or 
urinary output. Pfander’s studies demon- 
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strate a possible need for criteria establish- 
ing the nutritional status with respect to 
ascorbic acid which supplement determina- 
tions of tissue concentration, urinary output 
and longevity. 


HEPATIC AND PANCREATIC EFFECTS OF ETHIONINE 


Ethionine, the ethyl analogue of methio- 
nine, has been the subject of a number of 
studies in rats, from which it has been 
concluded that this compound inhibits the 
conversion of radioactive methionine to 
glycine (E. Farber, M. V. Simpson, and H. 
Tarver, J. Biol. Chem. 182, 91 (1950)), 
and produces fatty infiltration of the liver 
within twenty-four to forty-eight hours in 
female but not in male rats (Farber, D. 
Koch-Weser, and H. Popper, Endocrinology 
48, 205 (1951); Koch-Weser, Farber, and 
Popper, Arch. Path. 51, 498 (1951)). The 
latter effect has been reported to be pre- 
vented by the administration of glucose, 
or of methionine in excess of the ethionine 
dose (Farber, Thesis, University of Cali- 
fornia (1949)). In addition to these hepatic 
effects, pancreatic damage has been re- 
ported from the administration of this 
compound to rats (Farber and Popper, 
Proc. Soc. Exp. Biol. Med. T4, 838 (1950); 
R. C. Goldberg, I. L. Chaikoff, and A. H. 
Dodge, Ibid. 74, 869 (1950); Nutrition Re- 
views 11, 22 (1953)). 

A study by D. Koch-Weser and H. Popper 
(Proc. Soc. Exp. Biol. Med. 79, 34 (1952)) 
deals with the chronic effects of ethionine 
administration. In these investigations three 
groups of female rats and one of male rats 
were used, one group of females serving as 
pair-fed controls, another receiving 0.5 
per cent ethionine. The males also received 
0.5 per cent ethionine. After twenty-eight 
days of such regimens liver and pancreatic 
histology was studied and lipid analyses 
were carried out on the livers. While the 
control rats showed only a slight increase 
in fat histologically, the ethionine-fed rats, 


both male and female, had marked distor- 
tion of hepatic architecture, fibrosis and 
cellular damage in the liver, with fibrosis 
and acinar atrophy in the pancreas. Ani- 
mals given methionine as well as ethionine, 
however, showed no change in histology. 
Chemical analysis revealed that there was 
less fat in the livers of ethionine-fed animals, 
and this was associated with the disappear- 
ance, histologically, of body fat depots. 


Methionine’ prevented these chemical 
changes also. 
This investigation suggests that the 


chronic toxicity of ethionine results in 
conditions different from those seen in 
acute studies in that fibrosis, alteration of 
histologic architecture and loss of fat de- 
velop in the liver in place of the previously 
reported fatty infiltration. In addition, it 
appears that the chronic effect of ethionine 
eliminates the differences between male and 
female rats which were observed with 
short-term ingestion. The pancreatic changes 
similarly are less inflammatory in the chronic 
type of experiment, while methionine pre- 
vents both hepatic and pancreatic damage, 
thus suggesting that it and ethionine are 
antagonists in the biochemical systems in- 
volved in these two organs. 

Recently the investigation of ethionine 
has been extended to dogs, cats and monkeys 
by A. L. de Almeida and M. I. Grossman 
(Gastroenterology 20, 554 (1952)). In addi- 
tion to histologic studies these workers have 
reported the effects of this compound upon 
enzymes in pancreatic secretions and in 
blood. In experiments in which dogs re- 
ceived 0.1 g. of ethionine per kilogram of 
body weight for periods up to seventeen 
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days, some animals died and others were 
killed prior to the end of this time. One 
group of animals was starved during the 
experimental period, another was fed, using 
intubation if necessary, and a third group 
was starved and given urecholine, a pan- 
creatic stimulant, in addition to ethionine. 
The 2 monkeys and one cat were given simi- 
lar doses, while 4 cats received 1.0 g. per 
kilogram. 

The results were essentially the same 
with oral, intraperitoneal and subcutaneous 
administration of ethionine, with all ani- 
mals showing marked fat necrosis, edema 
and hemorrhage in the pancreas. In the 
animals studied after longer periods of 
survival there was acinar cell degeneration 
and fibrous tissue replacement of the organ, 
but the ducts appeared normal. The liver 
showed only fatty infiltration, but in some 
animals there were marked hemorrhages in 
the gastrointestinal tract and with this a 
prolonged clotting time was observed. No 
significant differences were observed histo- 
logically between the variously treated 
dogs. Likewise, the histologic changes ob- 
served in the cats and monkeys given 
methionine were those of pancreatitis and 
fatty infiltration of the liver, and some 
acceleration of these processes was the only 
effect of the larger doses in cats. 

Blood levels of lipase and amylase during 
the administration of ethionine revealed 
initial falls succeeded by increasing levels 
as the dogs approached death. The levels 
found, however, were not necessarily related 
to the degree of severity of the pancreatic 
damage. In acute experiments, the pan- 
creatic secretion during infusion of secretin 
followed by intravenous ethionine showed 
no depression of volume, bicarbonate con- 
tent, cr enzyme content. When urecholine 
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and secretin were used together to stimu- 
late pancreatic flow, the administration of 
ethionine was followed by a progressive fall 
in enzyme output without alteration in 
volume or bicarbonate content. Control 
studies without ethionine did not reveal 
this type of response. Histologic examina- 
tion of the pancreas showed no change as a 
result of this acute experiment. 

Similar secretion studies of animals which 
had been receiving ethionine chronically 
showed that there was a tendency for de- 
creasing volume, bicarbonate and enzyme 
content of the pancreatic juice with in- 
creasing degrees of pancreatic damage. 
In one dog in which a duodenal fistula had 
been produced, repeated analyses of the 
pancreatic juice showed a progressive de- 
crease in all elements. Examination of the 
pancreatic juice for active trypsin content 
without activation with enterokinase re- 
vealed active trypsin to be present more 
frequently, but without significant elevation 
in concentration over that found in control 
dogs. 

The exact mechanism by which the re- 
ported hepatic and pancreatic changes 
occur as a result of ethionine administra- 
tion has not been delineated by these or 
the above-mentioned preceding studies, 
but it is suggested by de Almeida and Gross- 
man as well as by other investigators that 
this compound interferes with methionine 
metabolism as it is involved in_ protein 
synthesis. Such a view is not incompatible 
with the evidence available, but the wide- 
spread effects of this agent upon pancreas, 
liver, gastrointestinal tract and other organs 
serve as impressive indications of the im- 
portance of methionine in the metabolism 
of many tissues. 
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NOTES 


World Food Supply and:Population Control 


The problem of aligning the food supply 
of the world and its population resolves 
itself into (1) controlling population to fit 
the food supply, or (2) increasing food supply 
to meet the demands of population. Both 
aspects are interwoven with each other and 
with a host of social, economic, ethical, 
religious, technical, and a _ few scientific 
facts. 

Four provocative papers under the head- 
ing “Problems of Development of Densely 
Settled Areas” and four concerning ‘‘Scien- 
tifie Possibilities for Increasing the World’s 
Food Supply” were presented at meetings of 
the American Philosophical Society (Proc. 
Am. Philos. Soc. 95, 1 (1951)). The first 
paper, “Population Trends in Densely 
Populated Areas,” by A. Myrdal, makes 
the point that densely populated areas are 
characterized by a relatively poor, largely 
agricultural existence. The few facts avail- 
able suggest that marriage and childbearing 
habits, and thus birth rate, are unchanged 
in recent years, but that the death rate has 
declined. The declining death rate not only 
itself increases the population, but also 
produces more persons of childbearing age, 
automatically increasing the number of 
births. 

Another group of papers presented before 
the Philosophical Society concerns methods 
for increasing the world’s food supply. H. A 
Spoehr (Proc. Am. Philos. Soc. 95, 62 
(1951)) discusses Chlorella as a source of 
food. This paper points out that, although 
photosynthesis is the origin of all of our 
food, the process is wasteful since much of 
the material produced by photosynthesis is 
not used as food. A search for ‘‘the most 
effective utilization of the solar energy 
incident upon an area of land” might be in 
order. Unicellular green algae are rather 
efficient photosynthesizers and they require 


for growth only simple inorganic salts dis- 
solved in water, carbon dioxide, and light. 
These organisms synthesize proteins, carbo- 
hydrates and lipids as well as other nutrients. 
Extensive studies are under way with regard 
to the use of Chlorella, one of the green 
algae, as a source of food. This plant has the 
remarkable ability to alter the composition 
of its cells when the environment is suitably 
changed. Thus, it has been possible to vary 
the lipid produced by Chlorella from about 
5 to 85 per cent. 

A report by A. J. Stamm (Proc. Am. 
Philos. Soc. 95, 68 (1951)) concerning the 
production of nutritious substances from 
inedible carbohydrates discusses the utiliza- 
tion of the present wastes from plant growth 
mentioned by Spoehr. These include agricul- 
tural plant material and sawmill and wood 
residues. 

A second symposium on these world 
problems is entitled ‘World Population 
Problems and Birth Control,’”’ representing 
the papers presented by 19 individuals 
under the chairmanship of C. G. Hartman 
(Ann. N. Y. Acad. Sci. 54, 729 (1952)). 
The symposium takes up such matters as 
the relation of public health developments 
to population and growth, international 
trends in family planning, and reports of 
contraception studies. 

That human fertility is related to the 
nutritional status of the population con- 
cerned is no surprise to students of nutrition. 
It is well known that prolonged severe under- 
nutrition leads to a decline in libido and an 
increase in sterility. An entirely different 
point of view is presented by J. de Castro 
(“The Geography of Hunger,” Little, Brown 
and Co., Boston (1952)). This book contrib- 
utes the thesis that overpopulation is the 
result of deficient food supply. The answer 
to the world’s food and population problems 
would be, accordingly, to increase the food 
supply to semistarved countries. This in 


| 
| 


96 NUTRITION REVIEWS 


turn would automatically reduce the birth 
rate and all would be well. The author 
marshals a number of arguments to support 
his thesis. For example, a table showing the 
birth rate and daily consumption of animal 
protein for 14 countries of the world shows 
that the lower the birth rate the higher the 
protein consumption. The author concludes 
from this that ‘‘while protein is not of course 
the exclusive controller of fertility, it does 
point up a significant correlation between 
fertility and protein consumption.’ Other 
similar misinterpretation of facts and figures 
is used to support the thesis that hunger 
leads to increased fertility. 

The physiologic mechanism the author 
uses to support his thesis is unfortunately 
not compatible with the facts. The ‘‘process 
Mother Nature” uses to “speed up repro- 
duction when the species seems threatened 
with extinction,” he reasons, is a logical 
chain of events from undernutrition which 
causes liver disease due to which estrogens 
are poorly inactivated, finally resulting in 
an increased libido and _ fertility. Thus, 
protein deficiency leads to fatty degeneration 
of the liver and a “‘tendency to cirrhosis.” 
“When degeneration of the liver occurs, it 
begins to operate less efficiently and is less 
effective at its job of inactivating excess 
estrogens. The result is a marked increase 
in the woman’s reproductive capacity.” 
Such reasoning cannot be accepted. 

Aside from the fact that starved people 
are known to have decreased rather than 
augmented libido and fertility (A. Keys 
et al., ‘“‘The Biology of Human Starvation,” 
Univ. of Minnesota Press, Minneapolis 
(1950)), individuals with liver disease have 
decreased libido, testicular atrophy, and 
amenorrhea, although increases in circulating 
estrogens may occur. 

It is remarkable to note the spate of articles 
and books which have appeared purporting 
to discuss world population and food prob- 
lems. Even though illogical, as is de Castro’s, 
or lopsided (W. Vogt, “‘Road to Survival,” 
Wm. Sloane Associates, Inc., New York 
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(1948); F. Osborn, Plundered Planet,” 
Little, Brown and Co., Boston (1948)—both 
these latter books point out the wastefulness 
of our agricultural methods in the face of a 
rising population, but fail to come to grips 
with the problem of fertility), these publica- 
tions indicate a wide and expanding interest 
in the food supply of the world and the 
problem of its overpopulation. 


The Citrovorum Factor in Human Scurvy 


The conversion of pteroylglutamic acid 
(PGA) to the chemically closely related 
citrovorum factor (CF) is now well known 
and appears to be facilitated by ascorbic 
acid. 

Proof of this at least partial dependence on 
the presence of ascorbic acid is furnished by 
the work of A. D. Welch, C. A. Nichol, 
R. M. Anker, and J. W. Boehne (J. Pharm. 
Exp. Therap. 103, 403 (1951)) and of G. J. 
Gabuzda, G. B. Phillips, R. F. Schilling, 
and C. 8. Davidson (J. Clin. Invest. 31, 756 
(1952)). These studies demonstrated an 
increase in the urinary excretion of CF after 
ascorbic acid administration in normal in- 
dividuals and in patients with scurvy, both 
of which groups were given PGA. The 
excretion of CF was nil in the scorbutic 
state and increased little after PGA was 
given. Only after ascorbic acid administra- 
tion were values reached which were near 
normal for the dose of PGA administered. 

One is led to conclude, as the authors did, 
that ascorbic acid greatly facilitates the 
conversion of pteroylglutamic acid to the 
citrovorum factor in man. These studies 
indicate another role for ascorbic acid in 
intermediary metabolism. 


Recent Nutrition Books 


The Chemistry of Food and Nutrition. 
Henry C. Sherman. 8th edition. Mac- 
millan Company, New York, 1952. Pp. 
721. Price: $6.00. 

Family Circle’s Reducing Diet Guide. Nor- 
man Jolliffe. Simon and Schuster, Inc., 
New York, 1952. Price: $1.00. 


